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The EdUkin published in 1S69, and several reprinls of it, having been exhaiisled, a 
Nkw Edition (uf which this section forms a. portion) has now been compleled ; and for 
the convenience of those who desite infotmalion on specific subjects, bul not on all those 
treated, the book is divided into six seciiuns, each of which, bound in cloih, may 
be obtained separately as follows : — 

Section i.— PRIME MOVERS. 

Steam, Gas asu Air Engines, Boilers, Dvnamos, Motobs, Turblnes, etc. 



PREFACE. 



The aim of the present volume is to direct attention to 
some matters for consideration in connection with works to be 
undertaken, and to materials, niethods, and appliances which have 
been successluUy employed in constructive operations varying 
widely in character and magnitude. 

As improvements in design and construction are constantly 
being made, the illustrations and descriptions now published 
should be regarded as typical and not necessarily representing 
developments which may hereafter be generally adopted. 

It will be evident that most of the appliances referred to are 
capable of adaptation to conditions differing from those specifically 
mentioned, and if modifications should be desirable, these will 
probably tend, only, to higher efficiency and lower working expenses. 

The Tables and Memoranda incorporated in this volume 
(originally intended to form a separate section) are hmited to 
. those which will be of service to purchasers and users of 
machinery, rather than to designers and constructors, who now 
have access to so many excellent text books relating to the 
different branches of engineering practice. 

In conclusion, the writer sincerely thanks the friends who 
have kindly placed at his disposal much valuable and, hitherto, 
unpublished information wilh reference to work carried out under 
their direction, aided (in many cases) by apph'ances for the 
construction or arrangement of which he may have been, to some 
extent, responsible. 



London, 
1903. 



APPLEBY'S COPYRIGHT CODE. 

FOR CORRESPONDENCE BY TELEGRAM. 



The code numbers are for use in case a repetition of the telegram may be necessary. 

ENQUIRIES AND QUESTIONS. 

... Telegraph how soon you could ship the following, viz ^. 

..Reply, by letter, how soon you could ship the following, vii ,.. 

/ Telegraph at what price, packed and delivered f. o. b English port 

\ you could sapply and ship the foUowinc, vii 

( Reply, by letter, at what price, packed and delivered f o. b. English 

\ port, you could supply and ship the following, vU. 

( Telegraph how soon and at what price, packed and delivered f. o li 

( you could supply and ship ihe following, viz 

Reply, by leller, how soon and at what price, packed and delivertd 

(.o.h r ■■' .■-....- 



ToainaKcl 
Tuiboek 
Taaldeel 
TwUngen 



191 295 
191196 TaAlfout 
191297 Taftlgebrek 
19129S I TMilgids 

191299 ! THolBcrond.. 

1 91 300 ' Tajtlkundle 

191301 "" 



English port, you could supply and ship the following. 



..Telegraph name of 
'We learn that the.... 

Shall we replace? 
.Telegraph, at my eipense, how soon my order wil be despalclied ? 
.Reply, by letter, how soon my order will lie despatched. 
.Do you wish us to proceed wiih order ? 
■Will you leave matter to our discretion ? 

.When will remitUnce be sent for £ 

.Send lis a complete tracing of. 

.Send us a photograph of. 

.Send us a complete estimate for the following... 



Q[;o6 TaalTricDd i| P^^pare design and send tracing and esliniale including delivery 
.Can you alter the goods to our order as follows... 



■ 91307 I TaKlwet 

191308 Taalzifter . 

191309 Tasflbloem 
191310I TuutbUk .. 
191311 Tutrten 



191312 
TuiTtepaa 



alter the goods I 
now soon can you deliver ? 
Have you in stock ? 
A reply by wire is requested. 
A reply by first mail is requested. 

ORDERS AND INSTRUCTIONS. 



I9i3>4 / 

raartkoek 1 



Please supply and ship as soon as possible 
the following goods, engaging freight 
of particular average. 



191318 
'91319 
191320 
19132" 
1913*2 
191323 
191124 
19131S 
191326 
19132; 
191328 
191329 
191330 
'91331 
191332 



TabttccBSM 
Tabacchi .. 
Tabacomane 
Tabacosas... 
Tabacosf> ... 
Tabaeie ... 
Tabaeiqae... 
Tabahia ... 
Tabalcascbe 
Tabackbau 
Tabakbeize 
Tabakdampf 
Tabakkorb , 
Tabak laden 1 
Tabakqualm | 



/ Please supply and ship as 
J the following goods, e 
1 and insurance, free of al 

\ is possible. 



1913'? 
Tabacales 

possible, 
.nu pari of the machine must weigh more man.. 
.We leave matter to your discretion. 
. Preferring them in the order named. 
■ Payments may be made by 

Payments will be made by Arrange te 

.Terms will be as before 
.Remittance is delayed until 

Draw on us al sight for / 

.Draw - ■ 



Await instructions for shipment. 
. Replace with all possible despatch. 
.Duplicate our order of 

Repeat our order for 

.Repeat out last order. 

.Aivail our letters before proceeding. 



I9I333 
i9«334 

191 335 
191336 
191337 
191338 
1 9' 339 
191 340 
191341 
191342 
"9 '343 
i9'344 
191345 
191346 
191 347 
191348 
191349 



191350 
19135 ' 
1913s* 
191353 
191354 
191355 
191356 
191357 
191358 
191359 
191360 
191 361 
191362 
191363 
191364 
191365 
191366 
1 91 367 
191 36S 
191369 
191370 
19137 1 
191372 
191373 
'91374 
19137s 
191376 
191377 
'91378 
191379 
191380 
191381 
191382 
191383 
191384 
'9138s 
191386 



191390 
'9'39i 
191392 



INDEX AND CODE. 

Orders and Instructions— Conftws^rf, 

TBl»kr«uch ...Same paitern or quHlity as before. 
Tabakreibe ...The same as you last supplied, 

Tabakrolle ...Same as supplied by yon in 

Tabilclblad ...Same as supplied by in 

TAbklubouw ...Same as supplied 10 in 

T&baktUnd ...Draw on us for;^' at the following number of days from sight. 

Tabalcipijp ...Please deliver at once. 
TabilEirook ...Please deliver next week. 

Tabakatube ...Must be inspecteti by 

Tabkksvat.. ...Ship at once. 

TabaksTcld has been irreparably damaged send another. 

Tabakukk has been lost replace it immediately. 

Tabaleabau ....Please send by neit mail certificate for 

Tabaleara Prepare for delivery at once. 

Tabaleoa Wanted for immediate delivery. 

Tabalhiom... ...The makers were (are) 

Taballiado ... As described in Appleby's Handbook of Machinery, price £ 

ANSWERS, &c. 

Tabanca ... . Freight will add about... „per cent, to the f.o.b cost. 

TBbanidae...|...The machine will weigh about cwts, 

Tabaquear.. '...The total weight will be about tons. 

*" ' The total measurement will be about cubic feet. 

No part of the machine will weigh more than cwts. 

The machine is finished. 

We can supply you with goods, as per your enquiry, at the following 

Please telegraph credit with some English Bank for order just received. 

The credit opened with the Bank is too .'imall ; please lo telegmph 

further credit for £... 



Tabaqueiro . . 
Tabaquenu . 
Tabaqueurs . 
Tabaquiita 
Tabard el ha L 
Tabarder ... 
Tabardilho. . .' 
Tabarzet .... 
Tabatiere .. 

Tabbaard .. 
Tabbaoth .. 
Tabbinet .. 
TabbfiDg; .. 
Tabebuia .. 
Tabefatto .. 
Tabefied .. 
Tab«llaria .. 
TabellaroD.. 
Tabelle 
TabelUar .. 
Tabellioa . . 
Tabelliona . 
Tabetlone .. 
Taberd 
Tabergite .. 
Tabernacle 
Tabernero .. 
Tabeacence 
Tabescent . . 
Tabetlque .. 
Tabicadaa .. 
TabicamM.. 
Tibkar 
Tabicaron .. 
TabicoDea .. 
Tabido 
TabiGcaa .. 
Tabiflui 
Tabifluos .. 



..Weci 



■n other I 



.We have remitted you by letter £ 

.Cash will be paid against Bill of Lading by... 

. Machinery is shipped by steamer. 

.Machinery will be shipped bj' steamer. 

, Machinery is shipped by sailing vessel. 

.Machinery will be shipped by sailing vessel. 

.Your order received and has our best attentior 

. Remittance follows by mail. 

.Remittance will be sent immediately for ^...- 

. Waiting your remittance. 

.Credit arranged through. 

.Credit arranged by telegraph. 

■£ 10 additional needed to cover cost. 

iT-o ., 

*o 

i^ 

<6o 



.We can deliver from slock. 
. ., „ in one week. 

„ ,, in three weeks. 

• ,. ,. in four weeks. 

-The lime for delivery should be 

.The time of delivery is of great imports 

..\ll charges will be accounted for 

.All charges will Ije paid by 

.1 (we) cannot promi.se delivery until 

I (we) cannot promise delivery in the li 



s staled, letter follow: 



191 393 

191394 
i?i39S 
191396 

19 '397 
191398 



1 9 140* 
191403 



TaUo^s ... 
TKblqne ... 
Tabiqueii .. 
Tabiquemos 
Tabiier 
Tttblaeho . . 
Tablabo ... 
Tablajero ... 

Tablazones 
Tablazoa .. 



91406 
191407 

191409 



191415 
191416 
191417 



191421 
1914*^ 
19MJ3 

197435 
191426 
191427 
191428 
191429 
191430 
191431 
191432 

■91433 
191434 
19143.'; 
191436 
191437 
191438 



Tableabais 
Tableadai . 
Tabjea 
Tabjearon . 
Tableaux 
Tabieros 

Tablilfaft 

Tablozft 

Taboas 

Taboinba 

Tabolagem 

Taboletro . 

Taboleta 

Tabooed 

Taboriten . 

Taboner 

Tabouret . 

Tabpurine .. 

Tabrimoo . 

Tabuda 

Tabularii 

Tabulating 

Tabuliata 

Taburno 

Tacohont 

Tacamaca.. 

Tacca 

Tachylite 

Tachypetes 

Tadfly 

Taciturn 



I9J439 I Taclcduty -. 

191440 I Tackled 

191441 I Tackling^ ., 
197442 . Tacksman .. 

191443 : Tackapins.. 

191444 i Tactical 

191445 I Tadpoles .. 

191446 I Taffata 

191447 ' Tocand 

\.B.— The code niin 



INDEX AND CODE. 111. 

Answers, Sc.z.—Ointinued. 

fl (we) cannoi promise delivery in time stipulated, please telegraph 

..We have not received yours of the 

..Replying lo your telegram (enquiry), our price is jf. ... 

f Replying to your telegram, our pnce, subject to prompt confirmation 

\ of order, will be £...- 

..Full information follows by mail, 
..Tracing and estimale will be sent. 
..Tracing and estimate were sent. 
..We have received your order for 

GENERAL MESSAGES. 

..Steamer is delayed by having to put in at 

...is erecled and works satisfactorily. 

is erecled but does not worked satisfeclorily. 

I is erected but does not yet work salisfsctorily, send immediately 

I, by quickest route. 

will leave on or about the 



It leave before the... 



..I (we) will see you on or about 

..We must have dimensions, sketches, or drawings. 

..We require more detailed information with reference (o... 

..We are sending you additional information with reference to 

..We last heard from you on the 

. Refer to our letter dated 

. . Refer 10 our telegram dated 

..Werefer to your letter dated. 

..We refer to your telegram dated.... 

..Have you received our order for 

..We have not received your order for 

..Please send necessary instructions. 
..Please send confirmation by letter. 

..We forvrard by steamer advertised to close on the 

-Can you forward by the 

. The Bill of Lading must be to the order of. 

..The Bill of Lading must be sent to 

..The Bill of Lading has already been sent to 

..The Bill of Lading has not been received. 

..Delivery cannoi be made until we have the Bill of Lading. 

..Have you received the Bill of Lading. 

..Insure to cover cost, freight and insurance. 

..Insure to cover all chaiges and risks if latter is possible. 

..We accept your order for 

..We accept your order dated 

I We cannot accept your order on terms proposed, please refer to 

I offer. 

..Forward as early as possible. 

..We accept your offer dated 

..We can carry out your proposals at extra cost of £ 

..We can carry out your proposals without extra cost. 
..Details of conditions arc sent by mail. 

DIMENSIONS, &c. 

..The gauge (or span} is ..inches. 

..The ra<iiusis feet. 

..The height of lift is feet. 

..The speed of lift is feel per minute. 

..The maximum load i.i cwls. 

..The average load is cwls. 

..The output per hour is 

. The effective horse- power is 

..Of the ty|>e referred to in Appleb/s Handbook, Section V. page., 
lers are for uie in case a repetition of the lelegram may he necessarj 



EXAMPLES OF TELEGRAMS IN THE 
A1 TELEGRAPHIC CODE. 



In order to clearly indicate the Section of this Handbook referred to in 
Cable correspondence, it has been found convenient to establish a Code word 
for each volume, and the writer is indebted to a merchant in this country for 
the subjoined Code words, relating to this series, which are used by himself 
and his correspondent abroad. 



These words accurately define the volume, and the i 
course, equally applicable to other sources of information, 



: system 



, of 



Applrbv's Hani>book c 



4 I Admngitiui) 

11. ... .. AdiUltOlMt 

III Adociria 

IV Adoliridas 

V Adumbrato 

VI., Part A. Adonteremo 

VI., Part B. Adopertus 

The message consists of one of these words and of those at page 1180 
{1888 edition) of the Ai telegraphic Code which — in the sequence in 
which they are used — indicate respectively (i) the pa;;e referred to and 
(2) the number of line from top of printed matter on that page. Code words 
for dimensions, weight, &c. will be found at page 1032 to 1052 of that book. 

Example. — A correspondent who requires Centrifugal Pumping 
Machinery with Compound Engine and Boiler to raise 2500 gallons per minute 
(150,000 gallons per hour), to a height of 27 feet as illustrated and described 
in Section III, cables : " FeribUe Enrhumer Truchuela Exhalais 
Trasoneria Trasguaedo Adociria." 

On reference to the Ai Code the message will be found to read as follows : 
"Forward immediately by steamer Centrifugal Pump, Compound Engine and 
Boiler Combined, 150,000 gallons per hour against 27 feet head, page 70, line 23 
of Appleby's Handbook of Machinery, Section III." 



INDEX. 



Accident Cranes and Equipnienls 

AceWlene Light 

Air Compressors, Receivers, etc. 

Air Locks for Caissons 

Air Vessels and Stand I'ipes 

Air, Weight of 

Allowances for Machining Metals 

Angles and Speeds for Cutting Tools 

Animals and Men, Weights of ... 

Anvils, Vices, Smiths', liners', and Navvy Tools 

Anti-breakage Skips and Shoots 

Appliances for Subaqeous Levelling 

Arc and Incandescent Lamps, Price and Life of 

Areas and Circumferences of Circles 

Artesian Borings ... 

Arlilida] Stone for Paving, etc.... 

Atmospheric Standards, British and Metric... 

Automatic Dumping skips 

Axes, Carpenter and other Tools 

Axles, Asle Boxes and Chilled Wheels 



265, 266 
190—193 

162—165 



240. 241 

JiS— 319 

185-189 



Bales, Weight and Measureniemt of 

Ball (Suction) Dret^ers 

Ballasling and Levelling I'laiit ... 

Ballast, Coal, etc. Grabs for ... 

Barljcd and Round Fencing Wire 

bars. Plates, etc., in Iron and other Metals, Weig 

Belt and Creeper Conveyors Z 

Heil and Gear Driving, Notes on 

Belting and Ropes, Power, etc. Transmitted by 

Blacksmith, Fitter, Carpenter and Navvy Tools 

Blocks, Ropes and Chains, Prices, etc. 

Block Trucks and Shipping Plant 

Boats and Cutters, Seamless Steel 

Bogie Trucks and Fixed Wheel Base for Tramway 

Bouers, Deterioration of 

Boilers and Condensers, Water Supply 

Boilers, Cost of Stoking, Cleaning, etc. 

Bolts and Nuts, Weights of 



256-259 

230—234 
23—26 

328 

244 

267 

z68 
26;, 36S 



Break-down Cranes, Tools and Stores 

Brick Sett Road Paving 

Bridge Conveyors, Portable and Fixed 

Bridge and Girder Work 

Bridge Launching and Propelling Plant 



VI. INDEX. 

Bridge Piers, Wrought and Casi Iron 

Uridge Renewal and ErecUne Plant 

Biidge and Koof Erecting Plant 

Bridge and Viaduct Building, Rope-ways for 

British, Colonial, American and Indian Railways, Cusl of 

British and Foreign Coinage Standaids 

British and Foieign Patents, etc. 

Prilish and Foreign Weights, Measures and Coinage 

Bucket Elevators and Conveyors 

Bucket and Ladder Excavators ... 

Buoys and Moorings 



Cable Conveyors 

Caissons, Pneumatic .. 

Calorific Value of Fuels 

Csimp Equipments, Stores, etc. ... 

Cantilever Block Shipping Titan Crane 

Cantilever Conveyors 

Cantilever Cranes, Portable, Fixed and Floating 

Capacities of Pipes ... 

„ of Reciprocating Pumps 
„ and Types of Rolling Slock 

Capstans, Hand, Steam and Electric 

Carpenter, Navvy, and other Tools 

Carrying Capacity, Weights, etc. of Rolling Slock 

Carrying Capacities, Weights, etc. of Girders 

Cast and Wrought Iron Piles 

Cement Testing Machine 

Chains, Ropes, Blocks, etc. Prices and Weights of 

Channelling Machine, Stone or Marble 

Chilled Wheels, Axles and Axle Boxes 

Circulai Saw for Stone or Marble 

Circumferences and Areas of Circles 

Clinker I-aving Slabs, Tar Paving, etc. 

Coal, Ballast, etc. Skips and Grab^ 

Coal and Coke, Notes on 

Coal Deposits, Notes on 

Coal Discharging Cranes and Skips 

Coal, Ore, etc. Notes on Transport of 

Coal Shoots and Skips 

Coal Storage Plant ... 

Coal Testing Apparatus 

Coaling Cranes, Tips, etc. 

Coaling Tower with Boom and Grab Bucket 

Coffer Dams and Caissons 

Coinage, British and Foreign Standards 

Columns, Steel and Cast Iron ... 

Comparisons in Cost of Pumping Water 

Comparisons of Thermometers 

Compressed Oxygen 

Composition of Concrete 

Concrete Bag Work ., 

Concrete Block Yards and I'liinl 



176. 177 
3"S-3'9 

63—67, 156— 161 



27. 30 
38-41 



INDEX. 

Concrete, Wood rikI Compo^K Floors 
Conductiirs and Controllers, Electric 

Constants for Approxiniiite Calcnialiona 
Construction and Equipment of Works, Notes 01 
Contractor's Locomotives 
Conveyors and Elevators 
Conveyors and Excavators 
Conveyors and Transporters 
Corrugated Iron Buildings 
Cost of British anil Foreign I'ati 



, , Electric -Power for Cranes, etc. 
., Electric .Tramways, Different Systems 
,, Cienerating and Distribuling Electric Cur 
,, ],abour on Works of Construction ... 
„ Railways (approximately) per mile . . 
„ Tramcar Traction, Different Systems 
„ Stoking Und Cleaning Boilers 

Cotton and Heiiip Driving'Ropea 

Covered Storage Reservoirs 

Crabs, Hand-power ... 

Cradles for Railway Wagons .. 

Crane, Winding'and HauHne Ropes 

„ and Ajmliances for>Handhng Wagons 

Cranes for Brif^e and Roof Erection 

,, Floating 

„ andGraU „. 

,, for Light Railways 

.. Noteson Different Systems 

„ Hie Driver and IHle Screwing .Apparatus 

„ for Quarries ... 

,, fot Tramcar Stations 
Creeper Belt and I'lale Conveyors 
Curved and Ridge Roofs, Iron ... 
Cutters and Boats, Seamless Steel 
Cutting Tools, Angles of 



242. 343 
267 

158. 259 

280 
123. 124 

n 
m< 234 

?i-73 



Decimal and Fractional Parts of Vards and Feet 

Decimal Equivalents, ll>s, and oz. 

Depreciation of Machinery 

Depth Testing Apparatus 

Derrick Block Setting Crane 

Derrick Cranes, Steam, Electric and Hand Power 

Destructors and Power Plant 

Detachable Chain and Other Conveyors 

Deterioration of Boilers, Corrosion, etc. 

Diameters, Stresses, Speeds, etc. of Belt and Rope Pulleys 

Diamond Drill 

Dipper Dredgers 

Direct Acting Steam Pile Driver 

Discharging and L-oading Coal, Ore, etc. .. 

Distance and Tel^iaph Rates lietweeii Foreign Ports . . . 

Distilling and Ice Making Plant 

Diving Apparatus without Air Puuips 

Diving Bell Plant ... 



VIII. IKDEX. 

Diving Bell and Submatinc Apparalus 

Dock Cleansing Plan I 

Docks, Floating 

Dock, Railway and other Cranes 

Dock and Railway Formation, Plant for 

„ „ Warehouses, etc. 

Double Frame Steam Pile Drivers 
Drag Scrapers 

Dredgers and Subaqeous Excavalors 
Driving Power Required for Various Machines 
Driving Shaft and Bearincs, Iron and Sleel... 
Drop-Bottom, Slip and Winch Barges 
Dynamometers 
Dynamos and Motors, Electric ... 



Economies resulting from Electric Transmission 
Effective Power of Electric Motors 
Efficiencies of Cranes, different systems 

., Electric Power Transmission... 

,, Electric Tramways 

,, Fuels, Gas and Oil Engines ... 

„ Locomotives, Prices, etc. 

,, Steam, Anima! and Hand Power 

Turbines 
Electric Coal Discharging and Storage Plant 
„ Concrete Mixers and Plant 
,. Crane and Grab 
,, Cranes, Winches, etc. ... 
.. Current, Cost from Mains & Private Installal 
,, and Hand Power Cranes, Economies 

Incandescent and Arc Lamps 
,. Lighting and Power Installations, cost. 
Working Expenses, etc. 

., Measures, Terms and Powers 
,, Pile Drivers 

Power, Loss in Starting 
,, Transmission, Systems Compared ... 

Elevators and Conveyors 
Emery wheels, Working Speeds 
Endless Rope Rope- ways 



Equivalents of Weights, Mea 

Equivalents relating to Water Supply 
„ (Decimal) for Calculations 

Erecting Plant, Bridges, Piers, Jetties, etc. ,,, 
Evaporation, Infiltration and Storage of Water 
Excavating Plant ... 
Expansion and Contraction of Kails 



zSi, z8z 

65—68 

31 -33. 40 

4, 5. 52—56 

249 



Feed and Speed of Milling Cutter; 
Fencing, Materials for 
Filler Beds 



Financial Notes 

Fire Proof and Concrete Walls ... 
Firing and Cleaning Sleam Boilers 
Fixed Conveyors for Stores. Factories, etc. ... 
Fixed and Portatile Rope-ways ... 
Flexible Steel Wire Rope, Strengths, Prices, et 
Floating Cantilever Cranes 
Docks 

„ Grab or Dipper 
Cranes 

,, Pile Driver 

Plant for Bridge Erection 
Floors, (iirders, Foundations, etc., Notes on 
Flow of Sewage 
Foreign and British Patents 

,, ,, weights, measures and coin 

Foundations in Soft Ground 
Fractional and Decimal Fails of Yards and F'ee 
Frame Saws for Stone or Marble 
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APPLEBV'S HANDBOOK OF MACHINERY. 



INTRODUCTORY NOTES 

ON THE CONSTRUCTION AND EQUIPMENT OF 
I-UBLIC WORKS. 

It is difficult lo realize Chat less than fifty years ago, little, if any, of the machinery refened 
to in the following pages had been designed or thought of, and that the plant then available foT 
the construction of important Public Works consisted almost exclusively of planks and timber, 
picks and shovels, blocks and falls, horses, carts, elc. Nevertheless, the work was done by the 
strong and willing hands then employed, these being organised and directed by the distinguished 
Architects, Engineers and Builders who have left us so many enduring monuments of their 
■skill and enei^-. 

The use of steam and Imore recently) electric power in connection with machinery 
employed in the construclion of railways, docks, large buildings, etc. has undoubtedly been the 
principal feclor in the unparalleled advance made within the above mentioned (comparatively) 
lirief period, and the' writer reverts with pleasure to the share it has been his good fortune to 
have in the production of appliances now almost universally employed, which have very largely 
contributed to reduce the cost of construction of works and the lime occupied in their completion. 

The financial effect of these improvements is, that the total cost and the time I^equI^ed 
for completion being now ascertainable within very narrow limits, the investor is willing to 
provide capital, at ever decreasing rates of interest, and it may safely be said that the necessary 
financial support for any commercially sound undertaking can be obtained on very moderate 

The following further remarks bearing on thi: 
lie of some service to those whose attention has n 
-of terms generally acceptable to capitalists. 

Financial facilities. — To obtain these on favourable terms it is obviously necessary to 
afford the fullest possible information with reference to the project, including details which will 
affect estimates of cost, working expenses and cost of maintenance, and of the assured or 
probable revenje from traffic and other sources ; also details of probable increase in revenue, 
or in improved value of the property to be affected by the enterprise. 

Works commenced on quite a modest scale have, in numberless instances, led to commercial 
<levelopmi;nt far surpassing what had been anticipated, and thus we see that land sold at a 
nominal price, or even freely given, has enhanced the value of the remaining and surrounding 
property lo an extent greatly exceeding the value of the land transferred. 

Money subsidies are frequently offered to ensure much needed works being promptly 
carried out. These sometimes take the form of a lump sum payment, or the subsidy is paid by 

is an undertaking— with substantial guarantees — for the payment of interest for a defined periixi, 
at a given rate on a given capital. 

In the latter caws the terms should be perfectly explicit and unhampered by clauses giving 
rights to interference which might be exercised to the prejudice of the investor or contractor. 

Land g^rants are a convenient form of subsidy which, in many well-known instances, 
have afforded the inducement required by financiers to provide capital for the construction and 
equipment, under the most favourable conditions, of vast works which have eventually become 
highly remunerative to all concerned. 

Security for subsidies is afforded, to some extent, by freedom from charge, or at greatly 
reduced lariffii, for all services rendered to the grantors of the subsidy. But this is insignificant 
inipared with the indirect advantages which inevitably accrue from enhanced value of laixied 

ly, increa.se in population and employment, and to the general improvement arising from 

a for traffic. 
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water works, gas works, electric lighting installations, tramways, etc 
arc usually negotiable if proper provision is made for exclusive rights extending over an p.dequale 
period, also for maximum rales of charge and minimum supply, the inlerests of the public beiiiij 
■safe-guarded by equitable provisions for the fulfilnicnt of the obligations entered into by the 
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Sinking fund. — If, as is usual, the concession is gianled on condition that the gra 
reserve the right to acquire the property at the end of a given period, the terms for the valui 
need to be clearly defined, and provision made in the rates chaiged which will admit of a sir 
fiind being formed to repa^ the whole of the capital invested, with or without bonus, ai 
proposed date for the temnnation of the concession. 

Execution of works.— Whether the undertaking shall be carried out b, 
responsible for the whole of the work, by departmental contracts, or by tbc conipjiny <> 
corporation which will finally own and manage the properly, is purely a matter of convenicno.- 

The first-named arrangement is frequently the most acceptable to Capitalists liecausc- 
although the Contractor must naturally seek a profit commensurate with the risks involvti 
up to completion — the saving in lime and cost, effected by the Contractor's familiarii; 
with methods and appliances, ti^lher with the incentive he has, by personal and acriu 
supervision, to carry out the work in the quickest and most economical manner, may wci 
be of greater importance than some extra cost to cover his profit. 

On the other hand, Works carried out without a Contractor must necessarily lie pruviilci 
with a proper equipment of Machinery, and instances are mentioned further on of jndicioii- 
initial arrangement whereby a large value of plant used in construction, has been adva^tagClnI^^ 
employed for general service when the works have lieen completed. 

These remarks apply more especially to Docks, Harbours and Water-ways, and to thi 
{by no means eiiceptional) cases in which the initial outlay must be restricted pending ik 
development of traffic. 

Contractors' risks-— It is evidently the duty of Investors to protect their interests 1> 
clauses which will ensure proper eieculion of Contracts. But it is quite another matter ii' 
specify conditions which unnecessarily increase the Contractor's risks and so compel him eill'ii 
to largely increase his estimate of cost, or (as has often happened) stipulate terms which neiil.tr 
Capitalist or Contractor are disposed to entertain. 

RAILWAYS.— The standard gauge of 4-ft. SJ-ins. (l-m. 435) created by Stephen.s..n 
and adopted for most of the main lines in Europe, Ihc United States of America., and many 
other cooiitries, offers much greater facility for obtaining additions to roiling stock ai.il 
equipments, than any other gauge, and it by no means follows that light railwaj-s, for 1"« 
speeds and light axle loads, must necessarily be narrow gauge tines. In the absence of local 
conditions unfavourable to a wide gauge, it may — ultimate^' — be more economical (o avui^ 
break of gauge and have both branch {or feeder) and main lines of uniform gauge, the fbrmin' 
being a light track sufficient for the loads and speeds passitig over it. Perhaps the principi 
objection to uniformity, is the liability to light and heavy rolling stock and loads beir^ made 

Break of gaugfe. — When determining the gauge to Ix; adopted, the extent and nature d 
traffic, the speeds, gradients, features of the country to be served, the curves and other point- 
need to l)e carefully considered, preference being given to one of the more largely used gauge* 
with a view of obtaining materials and rolling stock for additions and renewals with some d^ce 
of promptness. 

A break of gauges becomes of comparatively little importance if sidings, goods sbeds, etc 
are properly equipped with cranes and other appliances for saviog manual labour and li""' 
in transferring merchandise from one gauge to the oiher. 

Standards for narroir gauges. — In view of the enisting and prospective increase i!> 
the use of narrow gauges, it boconios most dtsirable to standardize the leading dimensions, such 
sA heights of buffers and connections, springs, >\:c. for each gauge. 

Much has been said in &vonr, respectively, of i-fl,, 2-ft. 6.in., J-ft, metre and ,1-fl. 6-ir- 
gauge, and as is well known, the wider gauges offer undoubted mechanical advantages, )" | 
proliably the narrow gauges might with ^vaiilage be reduced to two, 2.ft. or Z-fl. 6.in. ai^" 
metre. Whichever of thuso gauges a concensus i)f opinirm determines as the most useful, ihei^ 
can be no doubt that {as jMiiiilud out b}' Sir W. II. I'reece in an addre.ss 10 the members of'''' 
Institution of Civil Engineers) standanlising dimensiims would lead Ui the usual itnpruvein^i' 
in qiuility, reduction in cost of production, and great facility for olitaining supplies. 

Narrow gauge lines.— Instances will occur to everycme of the immense value ^'^ 
i^icultural, industrial and strategic purjyises (as dislinct fioni ordinary main lineal of rail«>,\' 
with 2 feet lo 3 ft. 6in. [range " I'iimeer" lines, or fur ])ernianent servire in localities whi''' 
present structural difficulties, or can neither proiide the capital rei|iiire<i for the constiuclii'i' 
and eiiuipmcnt of a heavy line c>f the normal type, nor the traffic Lo naet|Uiitely employ it. 
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I[ is evidently desirable to obtain advice from a competerit engineer with regard to the 
contemplated railway' and ils equipment but, if this is not available, the information given in 
this volume with reference to the approximate prices of materials and rolling slock, the carrying 
capacity of vehicles and the hauling power and speed of locomotives on different gradients, will 
materially aid in eslimating the prnl».ble cost of (rack and rolling stock. 

The cost of earthworks, brii^es and other works of art can, of course only be ascertained 
after careful examination of the local conditions ; general information on some of these subjects 
will, however, be found by reference to the respective headings relating to Ihem. 

PORTABLE RAILWAYS.— A system of narrow gauge railway, easily and quickly 
removed and re-laid, is now considered an essential part of the plant used in the conslruction of 
docks, railways and other important works, also for transporling minerals, timber, agricultural 
and other produce for shipment or consumption. 

Railways for these purposes of any gauge between 16 and 30 inches (40 lo 75 cenlimetres) 

are constructed of steel rails, rivetted or bolted lo steel sleepers spaced about z-fl. 6-in. to 

2-fl. 9-ln. centre to centre and usually put tt^ether in lengths of l6-fl. for facility in handling. 

How great this ^llity is, Is demonstrated by the &ct that 750-ft. of line have been 

disconnected, relaid at a distance of (jo-fl. and re-connected to the main line, by four men in 

I twenty minutes, so that in a few hours a considerable length of line, which has served ils purpose 

j in one place, may be removed and relaid ready for work in other places where required. 

This subject is referred to in detail under its proper heading, but it may be well here lo 
mention that ihe gauges best adapted to different working conditions usually are : 16, 18 and 
zo-in. gauge for light loads and manual power ; 20 10 24-in. for animal haulage ; and for 
locomotive traction any gauge up to 30-in. which may be regarded as the maximum gauge for 
light portable railways. 

EXCEPTIONAL USE OF PORTABLE RAILWAY -The following example 
of service rendered by portable railway, will be worthy of consideration when difficulties in 

The work perfarmed consisted of transporting neatly 100 tons of plant and machinery 
over difficult country, and a distance of about 125 miles. 

Plant employed-— Twelve wagons and aboui 650 yards of track were used, the track 
over which the train had passed being succes^vely taken up and laid down in front. 

Time occupied-— Nol withstanding many serious difficulties, the work was successfully 
completed in less than three months. 

TRAM LINES IN WORKS connected with a main line system are conveniently 

arranged by laying two light intermediate rails between those forming the 4-fl. Sj-in. gauge. 

This combination leaves the standard gauge available for main line slock, and provides up and 

■ down narrow gauge Iracks for bogie trucks, the wheels running on ihe main line on one side 

and on the intermediate rail on the other side. 

The writer has adopted ibis system with great advantage, the main line being 4-ft. Si-ic. 
gauge and (he bogie [racks iS-ln. gauge. 

If there is no connection with a main line 2-ft. 6-in. gauge is perhaps the most convenient, 
the materials for which can always be promptly supplied. 

MACHINERY FOR WORKS IN CONSTRUCTION.— Information with 

. reference to most kinds of machinery used in constructive operations will be found in this and 

the other volumes of this series, but, as is well known to experts, much depends on judicious 

selection, and on some technical or financial considerations. 

. If advice on this subject is desired, as much information as possible should be given, more 

'. especially as lo : 

(a) The nature of the work and ihe lime in which it is lo be completed. 
; (1^) The quality and local value of skilled and ordinary manual latiour, and if possible, 

Ihe cost of earthwork per cubic yard or metre, 
(i-) Whether — and to what extent — the outlay for plant must be restricted. 
(1/} Whether it is desirable that any of the plant should be utilised for ultimate 
permanent service. 
As indicated under the heading " Execution of Works," plant used in construction can 
. frequently be arranged lo be just as fit for ulterior use as if it were specially purchased for ihnf 
purpose, liie writer can point to many instances in which this pohcy has been adopted with 
most satisfactory results. 
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The equipment of Docks, Goods Stations, etc. must naturally be arranged with 
special reference to the existing or prospective traffic, regard being given to that which may be 
expected to predominate or increase. 

In some cases the bulk of the traffic is respectively "export" or "import," whilst in 
others it is about equally divided. But, as is well known by experienced traffic Managers, the 
present and prospective conditions must be studied and plant provided for performing the work 
tn the least possible time and with the utmost economy in working expenses, care being taken 
to afford facilities for extensions, which are invariably required where the existing traffic has 
been satiskctoiily dealt with. 

Some examples of Machinery for these purposes will be found in this volume, but the 
subject is treated with much more detail in Section II. of this series, and that of the arrangement 
and equipment of Repairing Shops for Docks and Railways in Section IV. 

Transmissioa of power. — Steam power applied directly or indirectly— as in ccnerating 
hydraulic pressure, compressed air, etc. — has hitherto, for the most part, replaced the animal 
and manual power formerly employed in constructive operations. But the flexibility, safety and j 
high effidency of the electric system is causing it to rapidly .supersede other modes of transmitting l 
power for lifting, pumping, traction, and many other purposes, examples of which will 1^ i 
fojnd in this volume, and in Sections II., III. and IV. 

Steam power as applied to fixed and portable steam cranes, and for driving, pumping. | 
grinding, mixing and other m3x;bines, offers the unquestionable advantage of each machini: | 
being complete with its own engine, boiler, etc. For this reason steam, as the motive powei. 
must always predominate in works under construction, in quarries, for service on railways, in iron 
and steel works, and for innumerable purposes where, for convenience and economy, the 
mEichinery employed must bs equally adapted for concentration or for wide distribution. 

STEAM CRANES.~Whether steam cranes shall b; used exclusively in dock?, 
railway goods yards, etc. or only in conjunction with a miin system rjf hydraulic or electric 
machinery, is largely a question of capital outlay. They can be, and often are, provided two oi 
three at a time, to cope with natural growths of trafhc, wherea» an installation for the distribution 
of hydraulic power from a central station, must necessarily be on a scale commensurate with 
probable future demmds, and thus involve an 'lutlay which must for some time be, at all events, 
partially unremunerative. 

There is the further advantage that if, or when, a cbarige of system seems to be desirable, 
the experience gained infallibly indicates the most suitable types and disposition of machines as 
well as the extent to which they will, in the near future, be profitably employed, the steam cranes 
are always available for subiidiary work or for service in emergencies. 

The writer recalls to mind miny instances in which this policy has been adopted with 
marked economy and success. 

HYDRAULIC CRANES.— If a sufficiently large number of cranes, capstans, or other 
machines will be employed to justify the outlay for a power station with the iieceisary pumping 
engines, accumulators, hydraulic mains and m^ichines, the hydraulic system affords such facihtieii 
for transmitting power through long distances and with absolute safety, that these and some other 
considerations are far mure important than the loss in useful effect which is incidental to the 
production of hydraulic pressure by steam power. 

The great convenience of having power always availafjle, the noiseless working, simplicity 
of mechanism and the low cost of miintenance, are elements which greatly favour the u.se of 
hydraulic power, but as already indicated, to be fairly economical, a considerable number of 
midlines should be continuously employed. Portable hydraulic cranes can, of course, only bs 
used in proximity with the hydraulic mdns, so that a few steA.m cranes to travel by their own 
steam power, haul trucks, etc are almost always required. 

ELECTRIC CRANES.— The high efficiency .ind flexibility ofdeeuic tran3mis.sion u( 
power, r^ardless of heat or cold, distance or conlciur of grmind, has led lo the rapd exlenaon 
of its application to cranes, pumping and general inichincry as well as fur traction and other 
purposes. 

The electric current, generated at the Central Station by e'lgities and balers of the ra ntt 

nomical type, is conveyed by overhe.id or underground cvinduclors in any direction and tu 

^ distance with so little loss in pressure that even in inslaUalioiis of moderate power an 

_..ieiency of gp per cent, is altainiljle at the mirtor tennin.ils. It follows therefore that this 

highly convenient and economical mode of transmitting |>o«er must l>e peculijriy adipted fot 

' - ■" n with cranes or other appliances, whether grouped within a limited area, as in 

Crete block making yariis, etc. or widely distributed as in docks, and railw.iy 



X^ 
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Quick working crones.— Am ongsi .he advantages accming from the use of quick working 
cranes may be mentioned the increase m earning power of rolling stock and steamers, due lo 
acceleration in the speed of handling materials and mercliandise, with large rednclion in the 
number of hands employed. Some data with reference to working expenses and number of 
hands required will be found further on and in Section II. of this series. 

Electric installations for small stations. — In view of the extended use of electric lighting 
and the ever increasing demand for prompt delivery of merchandise, the writer believes ilhat in 
the near future all large and many comparatively unimportant stations will be equipped with 
their own inslalhilions for lighting and for working cranes, pumps, &c. by electric current, or 
will be supplied from a central station. 

Economical considerations.— Features of primary importance in the electric system are : 
(<i) That although power is instantly available, no fuel or water is wasted when 

machines are standing, and 

[i) That the power consumed is limited to that required for the work actually performed. 

Thus, if an electric crane of 30-cwt. power is employed in working loads of (say) 10 cwt. 

there is absolutely no waste of power, whereas with the hydraulic system the full power is exerted 

however much the load may l>e below the maximum for which the crane was designed. This 

going on, as it must do, for hours, and even days consecutively, naturally entails waste of fuel. 

Electric traction. — T^e foregoing remarks lead to the conclusion that for branch line 

service with the (usually) widely varying loads, frequent slops and occasional long waits, a lai^e 

economy in fuel will be eftected by substituting electric for the ordinary locomotive traction. 

HANDLING MINERALS.— Seeing thai more than 200.000,000 tons of coal are 
raised in Great Britain alone, and at least 6o,ooo.OCO tons of ore, stone, salt, &c. have to be 
handled every jear, an average saving of only 1 penny per Ion on this gigantic total of 
260,000,000 tons represents more than ^1,000,000, and clearly indicates the importance of even 
minute savings in the cost of manipulation. 

End and side opening; trucks.— Attention may be directed to the facilities for discharging 
aftorded by trucks of this type, to carry 8 to 10 tons of coal or proportionate weigh! of other 
minerals, which go tai tovrards neutralising the advantages claimed for much larger trucks 

Relative advantages of cranes and tips.^Wh h hllbedpd Ig'y 

a question of convenience in the arrangement of approaches d d g I d d h hese 
conditions are equally favourable for the respective mode f h dl g h os f I 1 and 
speed of working are also about equal, and — as already p 'd — f 1 es f h p pi 
materially reduce the cost of labour and increase the earn gpo fhwh dfh 

rolling stock. 

C9ALING PONTOONS, constructed of steel mb — 11) h f — of h 

dimension required for the work to be performed, are ooed hw hdph 

sulhcient for the lat^esl steamer to come alongside. 

The deck of the pontoon is provided with steam, lee hjdra 1 ra wh h 

transfer the coal by means of grabs or turnover skips, fro h 11 1 gh 1 gs d 

into storage hoppers for future distribution, the coal being cally gh d h p ess 

of transler. 

The most perfect installations of this type are, unques bly h se th Tham m 

of which handle as much as 25,000 tons of coal per week d f eq 1yd sch g 500 

collier in one tide. 

The cost of working by Grab is very low, (requently less than one penny per ton 
and— as pointed out al pages 93 and 94 of Section II. of this series — the loss by breakage is fer 
less than that incidental to unloading coal in any other way. 

DISCHARGING COAL BY CRANE AND GRAB.— Coal brought alongside by 
water has been discharged by Crane and Grab, delivered into trucks and trammed to 
conveniently arranged Hoppers or to the Retort house, at a total average cost of twopence per 
ton. Plant for this purpose is illustrated at pages 64 and 65. 

The items of coat are : Filling and trimming grab, per ton. 075 pence ! crane 
driver, 050 pence ; truck men, 075 pence ; total 2 peocc per ton. 

DISCHARGING COAL BY CRANE AND TURN-OVER SKIPS and 

tramming into store as above costs 4'j pence per ton. 
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The items of cost are: Fillii^ skip, per ton, 3 pence; tippet, 050 pence; cianc 
driver, 0-50 pence ; irucli men, 075 pence ; total 4} pence per ton. 

Diaciuireing from bug^ and loading into tmcka,— The Crane, Gr^b and Coal fur 
■■■*''■■'' .. . ■ J . .. ■ - - ;s of id. per ton for Cual 

ling. 

RELATIVE ECONOMY OF THE TWO SYSTEMS. -It has been pointed 
out by Mr. Carpenter, M. Inst. C.E., that a saving of id. per ton on the 3,250,000 tons of cial 
carbonised in London alone, is equal to about ^13,300 per annum, or moie than ^f 54,000 per 
annum on the 13,000,000 tons used annially for gas making in the United Kingdom. 

From these figures it will be seen that a saving of 2jd. per ton on each 10,000 tons handled 
is equivalent to nearly jfus per annum ; but this is by no means the full extent of direct 
saving effected by the use of Crane and Grab, it ha.s been as much as 4d. per ton, in addition 
to that due to the quicker despatch of the coaling craft. 

COALING CRANES AND DERRICKS.— A few of the appliances which art 
principally employed in loading and discharging Coal and Minerals are referred to in this volume 
and in Section II., but many installations designed to fulfil special conditions must remain 
unnoticed. 

The advantages of Cranes of the type illustrated by Figs. 5040 and 5044 are that they are 
complete in themselves, and — although constructed to afford the best mdlilies for the above 
named work — they are equally good for general service. 

The last remark does not apply to Coaling Derricks, but it is sometimes necessary to use 
(hem where the load must always be discharged at one point and there are objections to the Jil> 
swinging over a lai^e area, 

COAL TIP.— As indicated in Fig. 5043, this consists of a rectangular tower with table 
to carry a truck with opening end and raise it to the height required. The tower is fixed as 
near as possible to the edge of the Quay, and is provided with projecting shoots, adjustable 
vertically to the angle suitable for the height of ships decks above water level and the difierenl 
kinds of coal handled. When the truck has been raised to the proper height, the end door i^ 
opened and, at the same moment, the back end is automatically lilted into the position most 
favourable for discharging the coal over the shoots into the ship's hold. 

The lifting and other motions are performed by Hydraulic, Steam or Electric Power 
(usually Hydraulic) and the cost of working and of maintenance are both remarkably low. I> 
will be evident that coal and mineral tips must be specially designed to suit the Size and weight 
of trucks, height of lift and other constantly varying conditions, also that Ihey can be used for 
only one class of work. 

ELEVATORS AND TRANSPORTERS —Many improvements have recently 
been made in fixed and portable machinery for lifting and distributing coal, minerals, grain and 
other materials handled by skips. 

Some information will be found in the following pages under the abot'e headings, but 
appliances for these purposes need to be designed to perform their work at maximum speed and 
minimum cost, so that the engravings and descriptions can do little more than serve as indications 
of the kind of mechanism employed and the data required for devising what is required lor 
the work contemplated. 

Grain elerstors and distributors. — The machinery employed for raising grain by bucket 
elevators and carrying it any distance by endless band for distribution where desired, is so 
largely used in this country and on the American Continent, that it is too well known to need 
detailed description, but as this remark scarcely applies to the pneumatic system, reference to n 
will be found under its proper heading. 

The grain is cleansed and aerated, to some extent, by both .systems, but nmch niore complelel)' 
by the pneumatic than by the bucket and endless band elevators. 

Pneumatic Grain Elevators.- Amongst the advantages claimed for this mode of lifting 
and distributing grain may be mentioned : (1) The improvement in the grain effected by intimate 
contact with the conveying air ; (l) The facility for reachii^ any part of the hold and (or 
delivering overside or to any part of the grain stores without hand labour; (3) The entire absence 
of risk of accidents to workmen, and (4) the low cost of working, frequently less than (be wages 
paid for trimming. 
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DISCHARGING GRAIN BY CRANES.— If the grain traffic is not sufficiently 
important to justi^ the rather cunsideiible outlay for stores and elevators, much may be gained 
by using gial»oflhe type Fig. 51 14, in connection with the steam or other quick working cranes 
of two or three ions power with which most water-side premises are equipped. 

The grabs open automatically and if they are arranged to discharge into a fixed or portable 
hopper, the grain or seed is weighed and sacked without manual labour. 

The working expenses are usually about id. to i^. per ton of grain handled. 

STEAM EXCAVATOR or "NAVVY."— So far as dock, water-way and railway 
construction is concerned, and for getting clay, chalk, ores and similar materials, a steam crane 
«scava(oi of the type illustrated by Fig. 5105 is generally the most QSeful, because it can swing 
and deposit its load at any point in the circle described by the jib ; this sometimes saves excavat- 
ing a width of gullet only required for the approach of trucks, on one or both sides of the 
machine, to carry away the material excavated, but obviously, it will not excavate below the 
erane carriage, a second stage being required for this. 

Sidewaj excavators. — The work is performed by ladder and buckets, which excavate to 
a considerable depth below the rails on which the machme traveb. The machinery is generally 
similar to that used for sub-aqueous dredging, 

EXCAVATION BY GRAB.— This system is available where no other mechanical 
digger can be used, hut in hard ground, or for a long run of excavation, it does not compare 
favourably with the machines above named either in regard to quantity or cost of work performed, 

DREDGERS AND SOB-AQUEOUS EXCAVATORS.— Although the familUr 
ladder and bucket dredger is absolutely indispensable for a large proportion of the work to be 
done, the much less costly suction dredger, or the grab or dipper, render valuable service under 
some of the conditions mentioned fiirther on. 

I, together with indications of the details required 

PILE DRIVERS.— The selection of plant for (his purpose (illustrated and described at 
pages 42 to 49) is influenced mainly by the extent of the work to be performed in a given time, 
the nature of the ground and of the structures — existing or to be erected^for carrying the pile- 
driving machines. These considerations also involve questions relating to concentration or 
distribution of weight of parts, continuity of work, facilities for removal, etc. 

As a rule, the work is done much more rapidly and at far less cost by steam or electric 
power than by manual kibour, but it has been found, exceptionally, that owing to the time con- 
sumed in taking down, transporting, and refixing machinery, the balance of advantage is in 
favour of hand power. 

BORING TOOLS AND ROCK DRILLS.— These subjects are treated in Sections 
3 and 6, but these tools being indispensable in many undertakings, they must necessarily be 
referred to in this volume. 

Well boring; tools for determining the, characteristics of ground to carry foundations and 
the depth to which they shall be carried, as well as for well-sinking, putting down bore-holes, 
etc are usually of the ordinary type. 

The diamond drill, patented by the writer and first built by his firm, is invaluable for 
putting down the deep bores required for Artesian water supply, prospecting for minerals, etc. 
and is the only machme which provides accurate records of all the strata passed through from 
the surface to the boHon of the bore. Some examples of these machines arc gi^en further on 
with estimates of approximate cost. 

Percussive roclc drills for qua 
to work with steam, compressed air, 

MACHINERY may be classified unde he erm 
.... -mittent delivery." The quality of the cone ep duced by 

either system is equally good, but— relatively with the cost of the machine— he ou pu unde 
the continuous system is rather greater than that obtained from machines w h n e m en 
delivery, and the cost of labour is less. 

Intermittent delivery machines are, however, invaluable where it is mo n en en 
move the machine to the point where the concrete has to be deposited in block n n ono h 
or for filling in. 
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CONCRETE BLOCK LIFTING MACHINERY.— This subject is treated at 
some length in Seclian II. of this series, and further examples of plant recently cotistnicted will 
be found at pages [6 to 26. 

As pointed out elsewhere, no two installations are sufficiently alike for engravings Co be of 
much serviee, excepting as indications of machinery which has been successfully employed under 
one set of conditions, and so aid in the arrangement of plant suitable for those to t« fulfilled. 

CONTRACTORS' PLANT AND MATE RIALS. -Those only ivho have l.een 
engaged in arranging the plant to l>e provided for use in the construction of works — ever 
vanning in complexity and magnitude — can adequately appreciate the wide range of materials 
which must be at hand when required to ensure the economy now universally sought, and the 
despatch with which they must be completed. 

It is difficult enough, even in this country, where supplies of all kinds are easily obtained, 
to have at hand all the materials and appliances suddenly required for unforeseen contingencies. 
How much more difficult then is it, to provide for such conttngendes in localities, where (as in 
the writer's experience) there were no local supplies and where even a gross of shovels or a tun 
of good chain could not be obtained in less than 4 to 6 weeks. 

Evidently the only course, under such circumstances, is to provide amply for all prol)able 
wants, and the rather diffuse list of articles under this heading, is intended to furnish facilities for 
so doing. Some of them may seem trivial, but their importance is fully established when Ibeyare 
\vanted and cannot be had. 

CONTRACTORS' MACHINERY.— Most of the types of contract. in. machinerv, in 
eeneral use. are referred to in this volume. 01 in others of this series, but many modifications 
;signed fur exceptional sen'ice, which must remain 

Maintenance. — That contractors n- 
shops or factories is inevitable, and the ir 
is self-evident. 

In the absence of works where minor repairs can be done locally at reasonable cost, and ir 
reasonable time, a small repairing shop, with a modest equipment of tools, has always proved It 
be an excellent investment on works of even moderate extent ; in some of the cnses which will Ik 
mentioned it has lieen quite indispensable. 

Inspection. — Great advantage has aliiu been derived from the appointment of a trustworthy 
mechanical engineer, whose duty it is to examine the plant and arrange for all ne<-essary repairs 
without waiting for notification from (he man in cha g m eed 

for various reasons such notification may not Ix: give 

Both of the last named arrangements have eq 
su^estion, always with the best results. 

That one or more men are profitably employe p 3i 

demonstrated during the construction of the Tham mban q 

plant designed and built by the writer was etnpio) — g — 



PLANT FOR HARBOUR AND RAILWAY CONSTRUCTION. -Another 
undertaking, differing widely from thn-^u last mentioned and referred to in detail at pages 101027, 
consists of Harbour Works, Docks, (,hiarries, anil Railway extensitms, and was carried out 
by a foreign Government, the whole of the plant l)«ing supplied by the writer, or under 
his advice. 

In this case, the Cranes, Repairing Shops, and certain portions of the Machinery employed 
during construction (which occiqiieii alKiut 5 years) have been retained for pernianent service 
and are still so employed after nearly 30 j-ears constant use. 

The Manchester Ship CkdoI.— Numerous other examples could lie given of plant 
provided for works of all kinds in this and other countries, but the remarks on this subject may 
fitly conclude with a record of the principal items comprised in the plant provided for the 
cunstrucliun of this gigantic undertaking. 

There were 170 locomotives, 6,ocx) wagons, and more than 200 miles of contractors' 
temporarj- railway ; lOO steam navvi's anil 10 powerful dredgers mere required for excavation. 
There were Zoo punqw of various kinds, 180 fixed and portable engines, and 60 pile-driving 
machines with central and subsidiar)- stores and repairing shops for jiruper maintenance. 
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The excavations consisted of about 41.000,000 cubic yards of soil and 10,000,000 cubic 
yards of sandstone rock, or 51,000,000 cubic ya.rd5 in all (= about 76,000,000 tons). 

Bricks and concrete. — The brickworks attached to the canal works supplied 450,000 
bricks per month, and aljoul 8,000 Ions of concrete, in various forms, was used per month. 
The average monlhly consumption of coal was 10,000 tons. 

The nnmber of hinds employed varied 1>etween 10,000 and 16,000. 



ihe total CI 

This, however, varies widely according 10 the cost of ordinary and skilled labour, the time 
in which the work is to be completed and many other conditions. 

Ultdnuite cost — It may be well to direct attention to the fact that the actual ultimate 
cost of plant (assuming it to be sold or taken away as an asset when the works have been 
completed) is usually very much reduced if care is taken in selecting it if possible with a view to 
future general utility, and having it made by firms of good standing and reputation. These 
points will probably be found Co be of far greater importance than relatively small savings in 

SEQUENCE OF RAILWAY CONSTRUCTION.— Great as is the diversity 

in procedure in the construction of railways, the sequence in which the work is attacked will 
be very generally as follows for lines to be constructed quickly and economically. 

Commencing with the point, or points, where the rails and other materials are most 
conveniently delivered, the ground is cleared ot limber or other obstructions and earthworks 
commenced, the platelayers following to put down a road for temporary service ; temporary 
bridges for gaps left for bridges, culverts, etc. can freqviently be carried on crib abutments, for 
which probably sleepers may be used. 

Where heavy cuttings or banks occur, diversions may >e ne es a y and h bemg me y 
for temporary service] the question of grade need not be 00 o y n de ed 

The permanent way gangs — following the above-nan ed fin h h w k d g wo k 

of art, permanent bridges, etc. 

In districts where streams are insignificant for the g a pa h )e e a 

times, torrents inundating large tracts of country, it u n le nd h p p 

substantial bridges than incur the risk of a wash-out. 

If complete surveys have not been made, the numbe g d andard pan h 

as 12, 14, [6, 20, 30, ot up to 70 feet, see page Z14) need d 5 omesan aybe 

estimated with sii^cient accuracy to justify a certain n be h m b ng sen ou eady o 

putting in place and so save considerable delay, and p hap n one n n u es wh h 
eventually are useless. 

To these may be added a certain number (also easil n a ed » p e y nd 

of standard lengths to form piets or abutments and fur h mpo tan sa ng n Ifec ed 

Mention is made elsewhere (see page 203) of the on n n and n n _ and d 

types and spans of bridges, roofs, etc. which can be produced at minimum cost and will be 
easily duplicated. 
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fr ihe piatfotm trucks and 
i.ii slip-barge as required. 
Iiiiilt for similar purposes. 
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A floating; steam crane of 45 tons power, as illustrated by Fig. 5003, with trigger sling gear, 
was employed for depositing the blocks when the depth of water was insufficient for the slip 
halves ; these were, however, used to very nearly high-water level. 

The drop-bottom barges built in timber to carry five blocks as above indicated wtre 
constructed locally, ready to receive the trip and other gear for carrying and droppii^ the blocks. 

Each barge was towed into position over the bed and when moored 10 the buoys in line to 
form the wall, all five blocks were usually dropped simultaneously, but the trip gear was 
arranged to drop any one or more blocks as deured. 

BuojS of the usual type were put down at intervals, and at a distance from the centre line 
of breakwater suitable for both the rubble and block barges to be moored to them, for the 
purpose of maintaining a true line for the work. 

7^e steam tra^ine gear consisted of a timber barge about 70-feet long and 30- feet beam, 
provided with a steam boiler, steam winch and lowing frame at the forward end, a short timlier 
jib projecting bejond and above deck level being fixed at the after end. 

Two chains from the steam winch are led over pulley blacks, suspended from the jib and 

The tranrl box is constructed of timber, strengthened by angle irons, Ihe Ixittom being 
plough shaped and shod with rails and angle irons. This Ixix, filled with stone or concrete to 
the extent required and suspended by the lifting chains, is held in position hv a pair of strung 
iron bars pivolted at their lower ends to the trawl box, the upper ends workmg freely on pins 
with beanngs and sole plate secured to a lieani e.\teiiding beyond the siiK'-S of the liar^e, and 
fiKed somewhat forward of midships. 
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Regulating gear. — The height of Ihe ttawl box is adjusted by means of the above-named 
sleam winch, chains, He. and is held to its work by its own weight and by the pivotled bais, s<) 
that when the steam tug tows the barge over the nibble bed, the plough quickly levels the 
surface and consolidates the mass. 

The slip-barges for carrying three blocks, were built of limber wilh flat Ixittom and deck, 
and provided with two cross timbers under each block, tapered to a suitable angle to admit of 
aelf-launching, the upper surfaces being well greased prior to loading up the blocks. 

These blocks were held in position during transport by strong cams, timber wedges, tic. 
and the trip gear for releaang the cams was arranged to admit of launching any of the blocks, 
or all three at once ; the latter was the usual course as will be seen by reference to Kig. 5002. 

Winch-barge. — To ensure true alignment and rapid working, a barge equipped with hand 
winches, fair leads, chains, etc, was placed across the line of formation and its position adjusted 
by mooring to the buoys. 

The slip-barge was then brought alongside the winch-bat^e and attached 10 it, but the chains 
between the latter and the slip-barge were slackened, at the moment the blocks were launched, 
to avoid shock on the buoys from the re-bound of the slip-barge. 

The engravings and foregoing descriptions will probably suffice 10 indicate how Ibis rather 
exceptional work was performed^ and it only remains to say that the plant was extremely 
efficient, the breakwater having been completed very rapidly and economically, and without 
accident, although much of the work was carried on night and day. 



TITANS AND BLOCK SETTING PLANT. 

Dock and harbour works vary so widely in structural arrangcmi 



:s similar to those now illustrated have so often been employed that they 
■J — .vg<uu^u a...,.>dt as standard types and suitable for most of the conditions ordinarily 
:t with. 

Several modes of construction have been adopted, but the steel girder and steel lattice work 
: unrivalled in rigidity, safety and absence of inconvenience from wind pressure, as well as in 
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TITAN CRANE OF 55 TONS POWER.— This crane forms a portion of the 
plant referred to at page 39, which was designed and huill by Jessop and Appleby Bros. Ltd. 
for service in the construction of extensive commercial harbour works and quays carried out bv 
one of the Continental Powers. 

Other cranes, differing from this in lifting power and dimensions have been built, but the 
principles of construclion, as illustrated and now described, apply equally to them. 

The blocks are lifted by a Goliath crane similar to Fig, SOoS, and placed on the truck which 
conveys them to the Titan. 

Lifting' and traversing. ^The maximum load of 55 tons is lifted at a speed of i metre 
per minute, or light loads at 6 metres (about zo feet) per minute ; the speed of traverse along 
the jib is t2 metres (39 feet 4 inches) per minute. 

The radius of the jib is 13 metres (about 42 feet S inches) and this, with the motions for 
traversing, suflices for laying the footing blocks and for reaching all parts of the (ace of the mole. 

The titan usually lifts the block from the truck arriving by a track parallel with the line of 
([uay, hut the height and width of the travelling gantry admit of the locomotive and loaded truck 
passing to the other side of the crane, a seconaline (not shown in the engraving) and cross-over 
track being provided for returning empty trucks to the yard if the arrival line is blocked. 

The jib (of 13 metres radius) rotates around a mas^ve steel post fixed in the centre of the 
under -carriage platform, and is carried on east steel conical anti-friction rollers : these bear on 
a forged steel path, turned to the same angle as the rollers, which is secured to the lower 
member of the Jib girders. 

The gear for turning is provided with friction clutches so arranged that the jib is moved 
to the right or left, irrespective of the direction of engine stroke, and without resort to 
the link reversing gear. 

Concrete blocks at the after end counterbalance the overhanging jib am! part of the 
weight of the block. 

Machinery. — The engines, boiler and machinery for working the motions for lifting and 
traversing the load, slewing in either direction, and for travelling the crane, with the levers for 
Morking these motions separately or in combination, are fixed about centrallj- and protected by 
a galvanised iron canopy. 

Flexible steel wire rope is used for lifting the load antl for traversing the jenney. The 
rope sheave block has a live ring of steel rollers working against turned steel faces, and the 
position of the largest block is quite easily adjusted by hand above or below water. The lifting 
beam is of forged steel and is attached to the lifting blcick by loop and steel pin. 

The gantry or undercarriage is mc unted on flanged wheels for a double line on each 
side ; these, and the gear fcr travelling, are carried in strong box girders with feet at each end, 
which are set down to relieve the rails of weight when the crane is block setting. 

The cost of Titan cranes rf the type referred to, naturally varies in proportion with 

the dimensions, lifting power, etc. but, if there are no exccplimal features, the capital (ullay 

will probably be about as follows : \ 

ZO tons lifting power, ^£3,1x0. Weight of machinery about 85 tons. 

30 tons ,, .^^4,000, ,, .. 120 tons. 

45 tons „ jCs.SOO- .. - 1^0 'ons' 

ELECTRIC TITANS.— The cranes referred to in the foregoing and following pages 
are quite easily arranged to be worked by electric current c f almost any voltage, and, under 
most circumstances, this system is very advantageously employed, 

TITAN WITH CANTILEVER ARM. -The engraving Fig. 5005 represents a 
crane; designed and built by the writer's firm, for handling blocks under conditions which involved 
entire deviation from the usual construction just described. 

Conditions to be fulfilled.— In the first instance the crane must lift and lay blocks 
weighing 60 tons at any point up to 12 metres (39-ft, 4in.) beyond the front of the carriage as 
well as flirough a range of 27 metres (gS-ft, 6-in.) across the face of the mole, and propel itself 
back for shelter and forward to follow the work. 

reduced to 11 metres (about 36-fl,) and provision 
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Water transport — The blocks and nil malerkis used in ihe formation of the mole were 
conveyed by water from the blockyard, the plant for which is referred to at pages 37 to 39, 
Under these circumstances nothing would be gained by having a rotating jib, and as Ibis would 
be mote expensive and would involve diffiailties in the ultimate conversion for narrower gauge 
of crane track, the non-revolving type was adopted. This novel arrangement has proved to be 
completely successful. 

Structure of Titan. — The carriage and traversing arm are built of mild steel, the latter 
carries the engines, boiler and machinery for transmitting power for lifting, cross traversing and 
jenneying, and for travelling the crane back and forth. Concrete blocks at the back . nd of 
the traversing arm counterbalance the overhanging weight and the load. 

Levers for motions and electric sig^nals are conveniently arranged in the engine room 
jind controlled by one man. 



<)f the well-known and extremely useful safety derrick cr 006 d p 

for the under-named peculiar conditions, but provision is m g 

ordinary service when the mole is completed. 

Work to be {performed. — The mole, 60 feet wide, rm d w gi d w 
<:oncrete blacks weighing 30 tons, with cross walls at int pa es be se 

filled in with rubble as Uie bays are completed. 

Machineiy emplojed. — A derrick ciane with latt ed ee h es d 

appliances for lifting, slewing, altering radius of jib and g m d 

on a steel girder under-carriage with flanged wheels, wh h ra . ^ 

on each of the longitiKiinal walls. The necessary stability is obtained by placing concrete blocks 
on the carriages to which the back ties are connected. 

The jib can be adjusted to any angle between 30° and 60° with the horizon, which admits 
of all blocks in longitudinal and cross walls being laid without moving the crane until a new 

The gear for all motions is controlled from the covered platform which is attached to and 
rotates with the mast. Flexible steel wire rope is used for bolh lifting and derricking. 

The results obtained from this crane are thoroughly satisfactory and similar arrangements 
for cranes of all powers up to 30 or to 40-tons render ibem available where lifting machinery of 
[he ordinary type ciinnot be conveniently employed. 

The concrete blocks laid by the derrick crane are produced by the plant illustrated and 
ilesctibed at pages 30 and 3S. This plant has also produced the blocks used in the formation of 
an extensive breakwater on the opposite side of the harliour; these were laid by 1 Titan of 
35-tons power, similar to t'ig. 5004. 
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FLOATING CRANES FOR BLOCK LAYING.— Although tht 
o rough for blocks lo be set in pior, mole ami similar work by floaling c 
number have been laid by cranes similar to those illustrated by I'igs. 5003 and 5007. 
ire however principally employed in handling ■■■ ■ ... 

ormalion of breakwaters, several examples of 
11 page 16 will perhaps be sufficiently typical 



Fig. 5007. 

FLOATING CRANE FOR DREDGING AND BLOCK LAYING.— The 

combination illustrated by Fig. 5007 is employed in the formation of a harbour and line of quay, 
as well as for ordinary service in the barlmur, and eventual extensions. 

The fixed jib crane, in the foreg;round, deals with weights up to 30-tons. A steam winch 
fixed at deck level, about centrally with the length of pontoon, provides the lifting power, ami 
changes of position are effected by cable and winch, one of which is fixed at each corner of the 
pontoon. As the two cranes are never required to work at the same time, the winch is supplied 
with steam from the crane lioiler. 

The Itvolviag crane at the other end of the pontoon is of lo-tons power and has quick 
speed for light loa<Is in handling cargo, etc. and all appliances for grab dredging. 

Grab dredger. — The 10-tons crane manipulates a grab (or dipper) dredger, of ri-culiic 
yards capacity, of the cimslniclion indicated by KiR. 5111 ; this now prepares the bed for the 
concrete blocks, and will eventually he used for dredging the harbour and maintaining the 
requisite depth of water. 



— This can be built in steel and delivered complete with machinery, or in sections, 
the machinery having been previously fixed temporarily, and marked for re-erection. 

The timber pontoon illustrated, and all woodwork, was, however, provided by the purchaser 
from designs supplied in advance, to};ethcr with the deck equipment of winches, fair leads, 
chiins, anchors, etc. 

This arrangement (su^ested l>y the writer's firm) has been quite satisfactory. 
The price of the machinery and ironwork r<ir the JO-toii-i crane is about ... jCs^o 

■ The weight i, .il>.]»t lU tons. 
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le of 10 tons power, with special base plate for attachment 

/7S0 

The weight is about 23! ions. 

The grab dredger bucketofii cubic j'ardscapacity, with amontatic opening gear,costsjf 165 
The deck eqtiipmeat costs about ... ... ... ... ,., ^^130 

GOLIATH CRANES worked by steam, electric ot hand-power, are usually indispens- 
le in con Crete -block making yards and scarcely less so in quarries and in many railway goods 
tions and industrial works, in lieu of an overhead traveller which frequently cannot be 
nveniently installed. 



GOLIATH STEAM CRANEofjo tons power.— The craneillusiraied by Fig. 5008 
ifts, traverses, and travels longitudinally with a concrete block suspended, as indicated in the 
iigraring. which il deposits on a block truck, amilar to that represented by Fig. 5011, for 
ransport to the Titan, floating or shipping crane as mentioned respectively at p^es 25 and 26. 



i and construction.— The span is 35-ft. and the clear height of lift ig-ft. 
The gantry is built of bo:< section mild steel girders and is mounted o.i steel-tyred wheels, sleel 
axles and springs, with heavy slide blocks and gun-metal bearings. 

Mochmeiy and speeds of working.— Power for lifting, cross traverse and for travelling 
longitudinally, is transmitted and controlled from the room which protects the engine and 
niachinery. Access to this is aflorded by ladders with hand-rail, shown in the engraving, and a 
railed platform on each side of the main girders. 

The winch, with engines, h .iter, feed water tank and coal hunk, are fixed on a platform 
c-^nslructed of steel girders and fitted with doutile flanged steel travelling wheels, steel axles, 
gun metal bearings, etc. 

The lifting gear is treble purchase, the winding drum is grooved spirally and coil* the 
flexible steel wire rope with'iut nverlap : a pnwerful hydraulic brake is provided fur the tnaximum 
load, and a. strap brake fur holding nr hiwering loads up to 10 Ions. 

Speeds of working.- The test load of 50 tons was manipulated at the under-named 



High speeds for e;ich niotio 
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Amngement of tracks.— Three rows of blocks (3 blocks in each tow) are each provided 
with one of ihese cranes which deposit the blocks on the special trucks represented hy Fig. 501 1 , 
the tracks for the latter convet^ing towards the block shipping crane, Fig. 5012. 

PRICES OF GOLIATH STEAM CRANES.-^The fo ow ng figures represetii 
the appronimate cost of cranes similar in design and dimensions o ha efe ed 
50 tons power, ;t3.l5o. and the weight is abou 00 on 
40 tons „ ;^2,3O0, ,, ,. 70 ns. 

30 tuns „ £1,900. „ „ so n 

10 tons ;; ^690; ;; ;; 20 oT 

GOLIATH ELECTRIC CRANES are not illu a ed and will only l.e 
necessary to say here that, as a rule, they cost rather more and ne gh a he ess than those 
last referred to, power and proportions Ijeing equal. 



GOLIATH CRANES WORKED BY HAND- POWER. —This .system is found 
to be too slow and too costly in manual labour for general adoplinn, but where initial <.ul ay 
tniisl be iimileil and the daily output of b!ocks is comparatively small, these being lifted a few 
inches and traversed a short distance, cranes of the type now referred to have been quite 
satisfactory, it may however be mentii ned, that where they have been used, unskilled lahtur is 
gotd and cheap, but engine drivers or mechanics cannot be obtained locally. 

GOLIATH CRANE OF 40 TONS POWER.— The engraving Fig. 5009, with 
thp following brief description, will convey sufficient information with reference to the 
■ in of the plant and the method of working it. 

juill o( wrought iron and spans 11 fciH, 
e fitted with double flanged steel travel ing 
wneeis ana uotn inc iiiiing ana 1 raven mg motions are tiansnutled from the treble purchase winch 
which is fiMed 10 the top main girders. The platform, with hand-rail around the winch, 
provides space for eight men, but si^l is the number usually employed. 

Mode of working.— The noliath pas-ses between the blocks, lifts one clear of the grounr! 
and carries it to the block truck (sliown on the right of the engraving) 10 be hauled to the Titan. 
When one row of biwks has lH.tn delivered, the Goliath is traversed on to the block truck 
and transferred by it to the row which is then ready for delivery. 
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The tracks from the Goliath towards the block tritclt and that from the L 
Titan have both a slight down grade. 

The cost of a Goliath crane similar to Hg. 5009, is about 
HAND-POWER GOLIATH CRANES, constructed of wronghi ir 
sicel, are made uf ail powers and proportions, but taking 30-ft. span and 14- 
convenient units, they can be obtained at about the under-named prices. 

Pklces of Wrought Iron Hand-power Goi.iaths. 



Lifdngpower ... ... tons 

Price of portable crane 

Price of Sxe.! crane 




4375 
.i340 


Ah 
£a3S 


£550 
£510 


£(-10 



The cost of packing for shipment and delivery f.o.b. is abou" 5 percent. 

BLOCK TRUCK.— The frame of the truck shown in Fig. 5009 is built of sleel girders 
with strong limber decking and cross cushions which support the block and leave a clear space 
between it and the truck p'atform. The wheels and axies are of steel, and the latter are fitted 
with heavy gim-melal bearings. The small truck in the foreground is one of those used for 
conveying the skips of concrete from the mixers to the block moulds. 

The coat of the block truck is about ... ... ... ... /160 



BLOCK SHIPPING PLANT. 



The word " shipping " in this case include d 
are made, to the barge or wagon for transport 
finally de5Xisited. 

There are several arrangements of plant f 9 y 

referred to (Figs. 5004 and 5009), some of » h h 
to 40 and in Section IL of this series ; but m 

brief descriptions will show that nothing which g 

lieen omitted to ensure the efficiency which ha h 



ch less costly than that now 
d and described at pages 37 
he following engiavings and 
xpcrience could suggest has 
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BLOCK YARD STEAM GOLIATH CRANR— Fig. 5010 tepresenis a steam 
goliath Cranio of 45 Cons power, designed and built by ihe wriler's riiin. nnd a portion of ilir.- 
block yard in which it was employed. 

Work perfonned.— As shown in the engraving, Ihe Crane spans five lines of blocks anil 
has the height necessary for slacking two tiers, and for clearing moulds wliich may l)e in front 
of blocks required for delivery, so that an anipte supply of ihoroiighly seasoned blocks sbou'd 
always be available. Two of these Cranes weie provided because tliey bad to place the blocks 
on the block truck, Fig. son, which conveyed them to the Shipping Crane, Fig 5012, and can 
handle two blocks al a time, whereas that now referred to only deals with one. 



s (uid construction .^The spai 
is i8-ft. 3-ins., and the imder-carriage is fitted » 
longitudinal rails 46-fl. centre to cenire 

The structure is of mild steel box section girders witli the necessary bracings and usual 
actors of safety for all parts. 

Machinery. — The steam winch, equal to an ordinary woilting load of 45 Ions, traver'ies 
across the gantry and furnishes power for tr-.ivelling the crane lons'tudinally at a speed of abiiui 
SS-ft. per minute with full load, ami 132-n. per minute light. 

Steel is largely used in the construction of the winch and a hydraulic br.ike sustains the 
maximum load, a strap brake l^ing proviik'd to control the high speed gear for loads up tn 
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BLOCK TRUCK —The truck with its load ready for delivery to the shipping crane 
consists of a strong sitel frame mounted on two swivtlling Ix^ies each with four steel wheels 
which are carried in massive steel axle txixes with springs. This arranjjement was adopted to 
facilitate traverse over certain sharp curies which could not be avoided. 

The truck is filled with spring draw pear and hand lever brake : cushions across the deckinu 
giving the clear space re(]uired for manipulating the lifting appliances. 



BLOCK SHIPPING CRANE OF 90 TONS POWER.— The jetty on which 
crane is fixed is beyond the end of the block yards with floatation for barges on both side<. 'I'he 
working load irfgo-tons consists of two blocks each weighing about 45 tons, which are conveyed 
to it by the block truck, l'ig.5011, and when lifted clear of it are traversed by the steam winches 
lo right or left, fstween the end supports and deposited on barge for delivery to the Titan. 

Dimensions and construction.— The height from rail level to the underside of main 
beams is 22 feet, the clear span Ixitween supports is 40-ft. and the cantilever at each sick- 
projects i5-ft. 

The construction (allowing for increase in load and this being a fiMed structure) is similar 
to that described in connection with Fig. 5O10. 

Machinery.— There are two steam winches, each of 45 tons power, and similar to those 
mentioned at page 21. which traierse the loads, separately or together, and deposit them on 
haige for transport to the 'I'itan. 

CANTILEVER BLOCK-SHIPPING PLANT.— The engravings Figs. SOE3 and 
5001, and the following description refer to appliances designed and built liy the writer foi- 
dealing with concrete blocks, each weighing 40 tons, used in the formation of a Ijreakwater it: 
r.iniiom work (pierres perdues). 

Goliath crane. — A hand-power crane of tlie type Fig. 5009 for a working load of 40 tons, 
lifted the block clear of the ground and traversed antl deposited it on a block truck for tran^iporl 
I" the block shipping crane. In this instance— as in many others — the platform of the truck 
was level with the floor of the block making yard. 



^ 
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Fig. 5013. 

The shipping gantry, Fig. 5013, was eimsiructed oi tinil;er uprights and siniis 
supporting a pair iif wrimghl iion giriltrs, with sttel rails rivuitud to their upper luembtr.s fcir 
carrying the iravulliiig crane, wtumjhl iniii lallice girder struts fur the overhanging end, am) 
gussels In lie the liiiigituditial girders to the timlier uprights. 

The overhead steam travelling crane lified the liluck which ha/1 been placed under it. 
and traversed uul inic) position for lowering on lo the truck IkIow, as shown in the engraving, 
and suhsequently on (o liarge as nieiilioneil further on. 

Railway and truckB.— A temporary narrow gauge line was laid on the floor of the dnck 
for convejiny the block trucks (hauled by hicomolive) from the shipping crane to the breakwater. 
The line wa.s emiliiiued along a lempomry staging front which the blocks were slipped to the 
front or to either side, und thus form the centre line of the breakwater, the staging being 
lengthened to suit the [ingress of the work. Hut so stmn as the dock was filled with water the 
rest of the blocks were carried on liargcs and s'ip[>ed as shiraii in Fig. 5001. 

The truoks, eni-h to carry one block, were buill of liinlier, whh platform to tip nil roU]id. 
taper cross piei-es and gear for holiling the Mock in position in transit, and for releasing it 
when desired. 

The slip-ba^S used for crmipietiiig the breakwater, after the dock had been opened for 
traffic, were buill id limlier — to c-arry one b!ix;k— with Hal bollnm and deck, and provided with 
the neceasarj* s'jdiiig pieces, slipping gear, chains, capsUiiis, etc. 

The liaises were loaded by the shiiijiing gantry and were towed into the position desired 
for launching the bloi^ks. 

Results obtained.— The work n.is conipleted wilbln the contract lime and considerably 
within the esliniaicil cost. The plant was comparatively inexpensive and— for the most part — 
eventually salcible. 

The cost of the block-lifting Goliath, with steel carriaije, treble purchase winch, etc. 
lo lift 40 Ion." ami lo traverse with that load by hand |>iwor is aUmi ... ,., ■ .£350 
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The cost of the block-shipiuiig crane, Fig. 5013, including the overhead sceam-iravellinc 
<:ta.ne of 40 tons power, wroughl-iron gantry girders, with gussel plates to connect them with 
the timber supports, heavy steel rails to carry the travelling crane, and wrought-iron lattice 
girders to support the outer ends of longitudinal girders, nsshoivn in the engraving, la about j^l450 

The timber-work in ibe gantry, as well as the blocit trucks and slip-barges, were provided 
by the purchaser in accordance with drawings made under the writer's supervision. 

LEWIS BARS, BLOCK LIFTING BEAMS, LIFTING CLAWS, ETC- 
Appliances of this kind are usually designed by the Consulting Engineer or the Constructor of 
the plant, to suit the work to be performed, and vary too much to admit of them being adequately 
illustrated ; useful examples of the types generally used are, however, indicated in the engravings 
Figs. 5008, S012, &c. 

CONCRETE BAG WORK.— The appliances for this purpose consist ofa wrought-iron 
or steel box with drop bottom doors, the attachments for opening and closing them, in any depth 
of water, being manipulated by the man in charge of the crane which lowers the box. This is 
usually a Titan or other crane provided for handling the concrete or stone blocks for which the 
liags form the bed. 

The proportions and shape of bag boxes are adapted to the size and weight of bags, and the 
arrangements for opening the doors after bottom has been reached, or for dropping the bs^s 
from a convenient height, are outside the box and easily controlled from the surface. 

COMPOSITION OF CONCRETE.- 

mixed in any of the machines referred to in this 
under the conditions mentioned. 

It will be understood that sand, gravel or broken materials must be clean, and free from 
mixture with clay or other earthy matter. 

Concrete for blocks. — The undernamed proportions have been largely used for docks, 

Quantities per cubic yard of concrete.- 

Icss than Ii2-lbs. per bushel, are required for o 
being in the above-named proportions. 

But some reduction in the quantity of cement used is often made by placing large stones in 
the mould. If these ate completely embedded in the mixed materials and not in contact with 
each other, the blocks so made seem to be in no way inferior to those in which the stone is 
broken and screened to size. 

Measures for materials. — Care will, naturally be taken that these shall be arranged as 
conveniently as possible. As regards cement, waste is reduced to a minimum if it is delivered 
to Che mixer in bags, so that if the mixing machine is half a cubic yard capacity, the bag should 
he made to contain ij bushel of cement. 

Concrete in Moaolith or continnous walL— ;For ordinary work, two bushels of cement 
for one cubic yard of concrete is usually sufficient, but if extra strength or resistance is required, 
as much as three bushels of cement per cubic yard of concrete may have to be used. 

Weight of Portland cement. — As already indicated, a bushel of cement should weigh 
not less than il2-lbs, the measure being lightly filled [as in sifting into it) and, of course, strickled. 

Test of Portland cement — The following is usually considered satisfactory : A test piece 
i4-in. by l^-in. is moulded and placed in water as soon as it will bear handling. jUter seven 
days immersion it must not break under a tensional strain of less than 2j-cwt. per square inch 
of section. 

PLANT FOR CANAL CONSTRUCTION.— Although few worksar 
magnitude to justify so large an installation of plant as that eny>loy«i in the constr 
Chicago Main Drainage Canal, the following brief abstract from a p ^ 
Mr. F. J. Lewis may be interesting in connection with the remarks on "Excavators ana 
Conveyors" at pages 144 to [48, and pruliably suggest modifications which can be advan- 
tageously employed on other, and less extensive undertakings. 

Nature and quantity of work.— The total length of the canal is 28 miles and has 
involved the removal of about 28 million cubic yards of glacial drift and 12 niilUoji cubic yards 
of rock, or about 40 million cubic yards in all. 
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The lenglh of the portion in glacial drift is I3j-niiles, the width 13 about 202-feel at the 
bottom of the canal and 290-feel at water level. The length in rock is about I4i-mile5 and the 
average width about 160-feet. 

The canal has a depth of z6-feel at high water, ihe mean depth of water being about 24-feet. 

Glacial drift — This and the top soil throughout was removed, as ^ as po^ible, by 
scoopa or scrapers ; the rest of the work was done by steam excavators, grabs and steam cranes. 
The spoil was conveyed by [tucks, travelling bands, or rope-ways, without handling, to duinp 
or ))ank, as reijuired. 

The cost of the irork, including excavation and disposal of the spoil, ranged from 4d. 
to 7jd. per cubic yard. 

The rock was removed, as above indicated, to a large extent without blasting ; rock drills 
driven by compressed ait and explosives, only being employed when necessary, 

CONVEYORS AND EXCAVATORS. -Some of the spoil was taken away by 
trucks and portable railway, but it was evident that the works could not be executed in the 
requisite limits of cost and time, without a large provision of plant specially designed for the 
different conditions to be fulfilled. 

The arrangements adopted consisted principally of the use of steam excavators (see Fig. 5105) 
in conjunction with portalile aerial tram line, travelling band, and boom conveyors, mounted on 
travelling carriages. These followed the steam excavator and were easily moved forward to 
receive the spoil from the excavator and deliver it at the distance and height required, without 
re-handling. 

The efficiency of the plant is established by the fact that one set has dealt with 910 
cubic yards of spoil in ten hours at a cost for labour, fuel, etc. of about 4d. per cubic yard for 
excavating and depositing at distances up to about 632 feet, and a height of 91 feet. 
in? bands were 
ished the batid fro 
vhich carried the spoil up ; 
desired. As alxive indicated, both types of nana elevator were moumea on carriages ana 
moved forward as the work pri^ressed, 

PLANT FOR TRANSFERRING AND DEPOSITING SPOIL, 
MINERALS, ETC.— A portable steam or electric crane with a grab of the type 
F'g- $04001 5110, distributes over an area large enough for most purposes. This plant is 
economical in first cost and in working expenses, four steam cranes and grabs having handled 
1,000 tons of spoil in four hours with a total cost in working expenses of abaut 20/-, and — as 
indicated elsewhere — the cranes are equally available for general service. 

For traversit^; and dischBi^;inG; at distances beyond the capacity of the crane 
arrai^menl. conveyors of one or other of the types mentioned in the following paragraphs nray 
be more suitable for the work lo lie performed. Each of these types are modified to suit local 
conditions, and as plant ()f this kind needs to lie specially designed, the details mentioned under 
the heading " Information rei|iiired'' should be furnish^ as accurately as possible. 

An aerial tramway carries the materials any distance and automatically dumps them at 
the point desired. This plant is inexpensivt, easily movcii and frequenlly answers every purpose. 

A boom conveyor consisting of a long lioom supported from a travelling tower and 
projecting beyond each side of it, coniniands a large area for deposit. 

The lax)in is adjustable to the height and angle dcured and it can be slewed, so that 
material can easily be distriliuted over the sur&ces IksI adapted for its reception. 

TraTCUing bands.— in some cases the spiil from the excavator or dredger is deposited on 
a baud at one end ami ilclivorcd by it at the height reijuircd at the other end, the power for 
driving the land iH.-iii'; trniismilied from the excavator, or from a separate steam or other motor, 

A travellingf stage with caiiiilever incline, up which enil tip trucks (brought by locomotive) 
are hauled by fn:xt and ti|j]K.-d at the summit, has worked most successfully. The stage referred 
lo was complete with engine and hail two tracks ; the cost of working and of maintenance 

Information required.- I'he iiuantities and character of the materials dealt with. The 
distance lo lie traversed and the relalive levels at which materials are to be received and delivered. 
The nature of the giouiid- -and mlier c.ndiiions -art' so iliversified, that complete details should 
be furnished in order that the plant tna;' be designed m (jive maximum efficiency with minimum 
W{>rl[ing expenses and initial outlay. 
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CONCRETE MIXING MACHINERY. 

However liltle resemblance ihere may b« in the arranjemenl of concrete mixing ir 
the mixing vessel comes into one of two calegotjes, i.i. " continuous " or " intemiitle 
and delivery. 

One of the systems may be more convenient than the other, 
but after more than 30 years experience in the construction and arrangement of all kinds of 
concrete mixing plant, and of observation on the results obtained, the writer has been unable to 
discover any appreciable difference in the quality of the output whether the machine is of the 
continuous or intermittent delivery type. 

Cost of plant.— The initial cost of mixers fora given output, and the cost of operalinj; and 
maintenance are usually in favour of the continuous system (represented by Figs. 5014 and 5016) 
but better adaptation to local conditions may well outweigh these relatively unimportant items. 

Arrangement of plant. —It is usually much easier to arrange the misers and machinery 
cc)nnected therewith, than it is to devise the most suitable appliances for quickly and cheaply 
cunvej'ing materials to the machines and depositing the freshly mixed concrete in moulds ur 
otherwise. 1'hc work can usually be done 1^ cranes, tram-lines (overhead or at ground level) 
tiHiveyors, overhead transporters, cable-liiie, etc. all of which are referred to in this volume, 
lull if difhcullies should anse in conneciion with this important poriion of the plant, ihey will, 
perhaps, \k l>est solved in consultation between the engineer in charge and an experienced con- 
slrnctor who is femiliar with the manner in which standard types of plant have been used and 
combined. 

' FIXED, PORTABLE AND LOCOMOTIVE PLANT.-Each type, is referred 
to in the following pages, but it may tie well to point out that if the machines are fixed, the 
finished concrete has to be carried to the place where it is to lie deposited, whilst if the machines 
travel, the materials must be brought to them, so that it is more a question of convenience than 
of cost of work performed. 

When lai^e quantities of concrete are required in dock walls or in blocks, fixed machinery 
may be preferable to portable, whereas the reierse may be the case for the formation of a long 
stretch of sea or river wall, or for depositing smaller quantities in detached sections This is 
prominently so wjiere the mixei can traverse over the moulds and discharge direct into them, as 
referred to at page 31 to 33, 

AUTOMATIC FEED.— The space at disposal tloes not admit of more than brief 
reference to the different arrangements which have been devised for automatically delivering the 
proper proportions of materials and water for each charge into the mixer hopper. Atl the 
machines now illustraledand described can l«arranged to perform Iheseoperations automatically, 
but exception has been taken (not without reason) to this mode of feeding on the ground of 

pissible maccuracies, and the extra cost of labour for accurately i '■ — ■■■- —•—--'- - - 

small on each ton of concrete produced, that the advantage oi ai 
than, at first sight, it seems to be. 

Combinations of feed machinery.— Amongst the arrangements successfully employed 
for saving labour, may be mentioned : 

Bucket and chain elevators discharging into the mixer hopper. 

Steam hoist with side opening measuring skip. 

Jib crane with power winch and skip to deliver to mixer. 

Electric motor attached to the mixer frame operating and travelling the machine, 
or any of the above-named combinations. 

DIMENSIONS OF MIXERS.— A wish has often U-en expressed to have machines 
of larger capacity than those now referred to, hut the results obtained m the few instances where 
standard dimensions have been exceeded, are by no means satisfactory. 

The conclusion, therefore, i.i that it is better to have more machines of standard ty|ies and 
sizes, than fewer of larger capEcily. 

ELECTRIC DRIVING.— In large installations involving hmg lines of shafting which 
soon get out of truth, a separate electric motor for each line of shaft, if not for each marhine. is 
frequently verj- convenient and invariably effects an ajipreciable saring in the total power 
teijuired as well as in the cost of niaintenaiice. 
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A single motor usually suffices if ihe mixing vcsstl only has to lie driven, but if power is 
required for other purposes, such us travelling the machine (see page 32), raising Ihc materials, 
hauling trucks, elc. il is frequently desirable to have a second motor, one ioi the mixing and 
Ihe other for the other operations. Current is conveyed by overhead or underground conductors, 
as may be convenient. 

INFORMATION REQUIRED. — If an opinion is desired with reference to the 
disposition and quanlity of plant to be employed, the following delails should be furnished 
together with any other which will be of service :— 

Description of materials and the ptoponions in which Ihey are to be used. 

The quantity of concrete, or the numl)er and weight of blocks to be produced in a 

given time. 
The position and levels of the block making ground relatively with the approaches by 

which the materials will be brought to the mixers. 
The position and levels of the block making ground relatively witii those of the works 
tobeconsttucled. 

MATERIALS FOR CONCRETE.— If clean gravel or shingle is not available, a 
stone breaker of the type. Fig. 5132, will probably lie required, with provision for screening 
and classifying the stone, and transferring it to truck, skip or barge for transport to the mixers. 

If clean sharp sand cannot be obiained, granite, burnt ballast or other suitable materials 
broken up as last mentioned, and pulverised lo the desired fineness in a revolving edge runner 
mill, as indicated in Fig. 3102, forms an excellent substitute. 

CONCRETE MIXING.-M. Paul Jlesuard advises 
to forni concrete, and of lime or cement mixed with sand t< 
een the silicious substances. 



The volume of these spaces is easily measured by pouring sufficient water into a receptacle 
to fill il, the water being then drawn off and the volume measured. 

Proportions of cement— The quality of the concrete or mortar will be too poor and its 
homogenily jeopardised if the (luantity of cement or lime is insufficient, but it is more expensive 
and the quality is not improved if the cement or lime is in excess of the proper quantity. 

Proportions of raateruds.— The present object being to deal with different types 01 
mixing machinery, it does not come within the object and scope of the following remarks to 
discuss matters relating to proportions of maleiials, but il may be well 10 mention ihal (he 
concrete foundations for the Forth Bridge Piers contained not less than 4i and not more than 
6i cubic feet of Portland cement to each cubic yard of concrete, and about the same quanlity 
lor rather more) of sand, the rest consisting of VVhinstone broken and screened as above 
descril)ed. 

Resistance and weight of concrete.— The resistance of the above-named concrete, to 
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CONTINUOUS ACTING MIXERS.— Fie- 5014 rep.esems an improved arranee- 
menl of the syslem devised by Ihe late Mr. Ridley and built by the writer's firm. The machine 
is driven by steam or other power, or by electric motor attached to the carriage, in either case 
with or without automatic feed and appliances for altering the inclination of the revoliiiig 
cylinder. 

Output. — Power driven machines are in work in all parts of the world turning out too t" 
izo cubic yards of concrete or mure, per 10 hours when driven by an engine of four nominal 

Coustructioi]. — The cylindrical mixing vessel built of rolled steel plate is open at both ends 
and provided with straight or spiral mixing plates (or blades) secured to the shell internally. The 
cylinder is fitted with a strong spar ibf' at its upper end and is revolved by pinion, shaft and 
pidleys for driving by steam power and is supported longitudinally by a pair of rollers on each 
side, bearing on the two steel bands which also serve to strengthen the shell. 

The hopper for materials is provided with a sliding door worked by a lever for controlling 
the discharge of materials into the tnixing vessel, as desired. 

The machine is entirely self-contained, the steel girder frame which carries the mixing 
cylinder and gear being mounted on travelling wheels as shown. 

The water stippl; is usually delivered from a galvanised iron tank — not shown in the 
engraving — with appliances for the water supply necessary for each chaise of materials ; if the 
supply is not by gravitation, a small pump will lie required. 

Mode of working;. — The materials are delivered into the fixed hopper and thence to the 
mixing cylinder which is slowly revolved, the internal blades continuously taking up and turning 
over the materials in their passage in a spiral direction, thoroughly incorporating them by the 
time they reach the lower end where the concrete is dischat^d. 

The price of the portable machine as illustrated and described is about ... £125 

A galvanised iron tank (with apparatus) and feed pump costs about ... ^15 

FIXED CONTINUOUS MIXING MACHINES.— These are precisely as last 
described and illustrated, excepting that the travelling wheels and their acces.sories are omitted, 
and the girder frame is adapted for bolting to limber or masonry, the height of which above 
ground level is usually sufficient for discharging the concrete direct into truck or skip. 

The price of fixed mixers capable of producing too to no tons of concrete in 10 hours 
is about ... ... ... ... ... ... ... ... .^^105 

CONTINUOUS MIXER WITH MEASURING BINS.— A simple and efficient 
iirrangement for obtaining uniformity in proportion of materials with minimum supervision and 
labour consists of a machine of the type Fig. 5014, with two pairs of bins fixed over Ihe mixer 
hopper and drop doors opening into it, with appliances for controlling the deliveries. 

The larger bin of each pair contains the broken stone, shingle, etc. and sand, and is generally 
one cubic yard capacity, the other is of the size required for the specified proportion of cement. 
These bins being side by side and each pair opening simultaneously (whilst the other are being 
refilled) it follows that the contents become distributed before they enter the mixing vessel. 



Compartment skips.— A similar result is obtained by usii^ skips with divisions for each 
material, the skips being lifted by crane (or otherwise) as indicatd in Fig. 5020, but this method 
is less rapid and satisfactory than the double bin arrangement above referred to. 

TRAVELLING ELECTRIC CONCRETE MIXER. — FiR. 5015 represents 
the most recent development of concrete mixing machinery, in which the mixing vessel is of the 
type described later on under the heading " Messent Closed Mixers," but the combination 
now illustrated is designed by Mr. A. II. Owles, M.Inst., C.E. and built by the writer's firm. 
This very efficient plant is referred to in " Transport " in the following terms : — 
"Before proceeding to describe the machines it may he well to direct attention to the 
reasons which led Mr. Owles to devise this ingenious system. The objects to Ite attained were 
the perfect mixture of materials, which is essential, and the immediate delivery of (he quite 
freshly made concrete into the block moulds ; also (from an economical point of view), to ensure 
the woik being performed rapidly and economically as regards cost of labour. The importance 
of these conditions being unerrii^ly fulfilled is evidently necessary when we consider the vast 
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mass of materials required for the making of concrete blocks, and [liat these blocks are now 
almost universally employed in the construction of harbours and docks. 

The machine illustraled herewith, which a represenlalive of " Transport " recently had an 
opportunity of examining in the works of the above-named Urm, embodies the most recent 
improvements, the outcome of the inventor's experience with similar plant used in the largest 
of the three block -making yards for the construction of Dover Harbour, the arrangements for 
which are under hia charge. The miiing vessel, the capacity of which is one cubic yard, is of 
the well-known Messent type. It is mounted on a strong steel framed carriage, provided with 
two electric motors, one of which revolves the miiing vessel, whilst the other gives a travelling 
motion to the carriage, so tha,t the operations of mixing and (ravelling can be performed 
simultaneously. The proper cHarges of materials are fed into the mixer from hoppers and the 
charging door closed ; the machine is then travelled to and over the block mould, the mixing 
vessel being meanwhile rotated by the motor provided lor that purpose. The number of 
revolutions made are indicated by a dial within view of the attendant, and when about fifteen 
revolutions are registered — the number required to ensure complete mixture — the mixer motor 
is slopped (the machine being then in position over the block mould), the mixed concrete 
discharged, and the machine returned for another charge. Brakes are supplied both to the 
mixer turning gear and to the traveller motion. 

Several other types of machines produce good concrete, but there can be no doubt that the 
plant now illustrated leaves nothing to chance, every provision being made for the production 
of perfect concrete at a remarkably small cost for labour." 

Motors. — These are of the slow speed enclosed waterproof type requited for the rough 
duty and exposure which is unavoidable in a blockyard. They slarl easily with considerable 
overload, and are provided with efficient rheostats. 

The engraving shows the motor for travelling the carriage, with which is combined an 
ingenious and reliable device for maintaining the gear in proper pitch. The travelling wheels 
are of steel and the axle bearings are fitted with springs. 

The motor for revolving the mixing vessel is at the opposite end of the carriage, the main 
driving wheel being enclosed in the wrought iron casing on the right. 

The pointer indicates on the dial (he number of revolutions made by the mixing vessel, 
and is in view of the driver. 

Speed of travelling.— These machines travel at a speed of about 6 miles per hour, and 
a strap brake, controlled by the driver's fool, prevents over-running. 

The mixer track is above the block moulds, and the gauge admits of the block being 
lifted vertically byany suitable crane, usuatlyby a Goliath crane similar to that shown in Fig. 500S 
Otitput — This is about lao aibic yards of concrete per day of 10 hours, each charge being 
mixed during the time occupied in travelling from the chai^^ng platform to the block mouItT 
Thus, whilst the output does not much exceed that of a fixed mismg machine, no locomotive or 
other hauling appliance is required ; there is large saving in time and labour, and the concrete 
is delivered, quite fresh, direct from the mixer. 

The price of the machine as above described is akoMt ... ... ;£550 

The weight is about 10 tons, and the cost of packing for shipment and delivery f.o.b. is 
about 5 per cent. 

HIGH SPEED MOTORS.— If smaller and higher speed motors are used, the total 
cost of plant may be somewhat reiiuced, but the balance of advantage is in favou( of low speed 
motets. See " Notes on Power Transmission." 

CLOSED CONTINUOUS ACTION MIXER.— The machine illustrated by the 
diagram drawing Fig. 5016 (Taylor's patent), differs from those previously referred to inasmuch 
as the mixing vessel, although closed, can be charged and discharged whilst revolving 
continuously ; like other mixers the materials can be mixed dry before water is admitted 
These machines are made fixed as well as portable, and in various combinations as regards 
modes of feeding, dimensions, &c. 

Mode of working. — In all cases the specified proportions of materials are filled into the 
feeding hopper immediately above the mixmg cylinder on the right, and are admitted by a 
sliding door into the cylinder, where they are firstly mixed dry. The prescniied quantity of 
water (automatically measured) is then admitted by the pipe connecting the supply lank with 
the hollow perforated shaft on which the vessel rotates, and a few more revolutions suffice to 
completely incorporate the materials. 

The vessel is emptied by simultaneously opening all the discharge doors, through whicli 
ihe concrete is delivered into skip, truck, or shoot, as the case may be, The discharge dours 
being closed, a fresh chai^ is admitted and the process repeated as described The engravmt; 
clearly indicates the manner in which these operations are controlled by the attendant on tht 
mixer platform. 
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Mode of driTing.— Th 

arrangements are easily de\i* 
Cost of labour.— The 

output, it is clear Ihat labour 



shown in the engraving is usually t 
1 to suit exceptional conditions, 
lacliine is worked by o 



ivenient, but olher 



Output per hour ... 
Power required 
Price of iixei] maehim 



The prices of trucka for carrying the ci 



£i6s I £225 

£180 I ji'240 

^30 £35 
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MIXER WITH ENGINE AND BUCKET AND CHAIN ELEVATOR 

(nol illustraled). — This torms a complete plant, including driving power, mixing machine with 

Inddcr and bucket elevators which take up the materials at ground level and depof^it them in (he 

hiipper for treatment as above deiscril>ed. 

The machine is complete with engine and boiler and (ifdesiri^d) the portable plant can be 

arranged to travel on track of ordinary gauge by self propelling gear, so that it follows up the 

work, or is easily traversed to a new location. 

The price of a. machioe to produce lO cubic yards of concrete per hour is about ^£450 
For an output of 34 cubic jaida of concrete per hour the machine costs about ^£550 

CLOSED CONTINUOUS MIXER IGauhe's patent).— These closed vessel mixijig 
machines are made for output capacities ranging from al)out 4 to 40 cubic yards of concrete per 
hour. Both portable and fixed machines are usually complete with elevator box, which serves 
as a measure for the prescrilied quantity of materials, and appliances for raising and automatically 

The mixing drum is built of steel plates with internal steel blades which raise and drop 
the materials during the revolutions of the drum, firstly in their dry state, and finally after the 
proper charge of water has been admitted, thus producing complete incorporation. 

Charging and discharging. — The dischat^e door is opened by the attendant so soon as 
the drum has made the number of revolutions (10 to 15) necessary for complete mixture and 
appliances are provided for dosing this door and automatically opening one at the base of the 
feed hopper which admits materials to the mixing ves.sel without stopping the machine. The 
hopper beingre-filledas soon as il has been emptied, the pperation . . ,. . 

by one attendant. 

Prices of Fixeh Gaiihf. Concrete 



Capacity in cubic yards per hour 
Druing power required 
Price of machine with elevator 
„ „ without elevator 



Capacity in cubic yards per hour 
Unving power required 
Price of machine with elevator 
„ ,, without elevator 



ELECTRIC CONCRETE MIXERS (Gauhe's patent).— A portable machine with 
elevators, as above described, but with enclosed type electric motor, counter- si laft and speed 
reducing gear, slide-rail for motor, starting switch, resistance and accssories for driving all 
motions, to produce about 16 cubic yards of concrete per hour costs about ... Z375 
1 output of about 26 cubic yards of 
-£465 

CLOSED MIXERS WITH INTERMITTENT ACTION.— The excellent 
quality of the concrete produced by machines of the types, Fig. 5015 (Messent's) and Fig. S<"7 
(Lee's) is too well known to need more than passing reference, but it may be well to point out 
ihat although the mixing vessels differ in shape, there is little or no difference in their action, 
output, or cost of working. 

The cost of iostalUtioti and maintenance may be in bvour of the Lee system Fig. 5017 
but not suflicicntly so to be of much importance. 

MESSENT CLOSED MIXERS.— These well-known machines are made either 
fixed or portable, and in many combinations as regards mode of driving, and appliances for 
feeding and delivery, but in all cases the capacity of the mixing vessel is about r cubic yard, 
and of the same shape as the electrically driven ni'achine illustrated by Fig. 5015. 
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The mixii^; vessel is cariied on a central mis and revolved by gear, ihis peculiar shape 
having been adopted to ensure the materials being turned over four times in each single revoiu- 
lion, so that complete incorporation should be effected in a few revolutions of the mixer. 
Stronj; hinged doots are provided at lop and liotlon of the vessel, respectively for tilling and 
emptying. 

Output and working' expenses.— These necessarily vary with local conditions, facilities 
provided, and so forth, but the average output of each machine worked by steam power may Ijt 
expected to be 80 to loo tons of concrete per day, three unskilled men will usually allend tu 
one machine or (circumstances permitting) five men to two machines. 

The prices of steam driven machines vary with the arrangement of the installation, but 
each mixer vessel with gear for driving by engine or electric motor will probably cost about jC'Oo 



The price of hand-power ir 



Fig. 5017. 

CLOSED INTERMITTENT ACTION MIXER (Lee's sy5tem).-Tbe machine 
illustrated by Fig. 5017, originalb- designed 1)V the late Mr. Henrv Lee, is well known as the 
"Hist simple form of closed mivir, and if iht action is studied, it will be evident that malernlz, 
placed in a cibnder hung as Ihi'. is and set in revolution, must be quickly and completeh 
incorporated 

The cjhndncal nuxing vessel is carried on a steel shaft which passes throue;h it 
diagonally, and 1^ supported in bLariiit,s at eich end The cjlmder is completely closed bi 
covers at lop and bottom, in which di>ur'; are convenicntl) placed for chat^ng, discharging, and 
for fastening 

The mode of dnvmg, feedrng, &c usuallvadoplcd issoclearlj shownin theengravinu 
Ihat this neui not bi. di.-.Lrit>Ld m du ill The arnmrtniLnts for fixing and feeding are mi"iified 
as drcumstaiiLLs rcijuirL, but something similar to ibusc iiidicalcd in Fig S019, are verj ufttu 

Output and working expenses —The foregoing remarks apply cquall) to this machine 
The cost of the "Lee mixer un.kr tonihtions sinnhr to those mentioned fur tht 
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Fig. 5o'8- 

HAND-POWER CONCRETE MIXERS are similar in action to those already 
described, and produce thoroughly mixed concrete in less time and with a smaller qaantily of 
water than is required Tor shovel mixing. 

A fly wheel on the mixer shaft equalises the effort on the handle, and a door at the delivery 
end is useful when the full charge is not used as mixed. 

The price of a portable DuuJune is ... ... ... £10 o o 

Extra for fly wheel ... ... ... /too 

Extra for end door ... ... ... ... ... £0 la o 

Exlra for set of spare mixer blades ... ... ... £0 10 6 

CONCRETE MIXING AND BLOCK PLANT No. i.— As already pointed out 
wide variations in the arrangement of machinery and in modes of transport must fre9uently be 
made, but that illustrated by the diagram drawings on page 39, with certain modifications to 
suil local conditions, some of which will be referred to, may be regarded as fairly representative 
of modem practice in the arrangement of block making plant employed in the construction of 
dock or harbour works of moderate extent. 

BLOCK MAKING PLANT.— Fig. 5019 represents plant, designed and built under 
the wriler's direction, to turn out 300 to 400 tons of concrete per day, for making blocks, each 
weighing about 30 tons, required for the formation of a breakwater about a mile long, and 
subsequently for the construction of an extensive mole on the other side of the harbour. The 
above-named output has, however, often been laigely exceeded. 

Arrangement of plant — The stone, broken and screened to size at the quarries, is 
conveyed over an easy down-grade track in tipping trucks to the mixing platform where it is 
deposited in bins of ample dimensions, below the elevated track shown in the engravings 
(front elevation). 

The sand and cement are brought, at block yard level, to a double track steam driven lift 
which raises these materials to the mixer platform. 

An edge runner crushing mill was erected on the platform for pulversing rock, in case the 
supply of sand should prove to be deficient, but it has rarely been necessary to use this milL 

Steam power. — The whole of the machinery is driven by shafUne and gear, as shown in 
the engravings, and, in this connection, it may be well to mention that the supply of fresh water 
lieing limited, the engine was made surface condensing and a portion of the sea water used for 
condensation is delivered into the tank which forms theroof of the engine room, and flows thence 
to the mixer platform. Similar arrangements have been adopted in other cases where the supply 
of fresh water is deficient or unreliable. 

Light railway. — The temporary line from the mixers to the block moulding ground is 
slightly down-grade. So that haulage in both directions is quite light. The position of Ihe 
tracks are, of course, altered from time to time to suit the progress of the work. 

Repairing plant. — There were no local facilities for renewals or repairs when this plant 
was put down, and the small equipment of tools, saw-bench, etc. indicated in the engraving, 
have been extremely useful. 
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Qnarry and block-liftinEr plant, aich as slone lireakers, lighl railwiy materials, truck 
and locomotives, block liflet. bluck trucks. Titan for laying ihe blocks, etc. being illustrated ar.' 
described in the present volume and in Section II. of this series, need not be referred to hei 
in detail. 

The concrete tuixins machines of the Lee type (illustrated and described at 
are driven from a line of shaft and each is provided with clutch and levet for sta 
stopping, and with a hopper into which the materials are delivered at platform level ; ihes 
ti^ether with the proper quantity of water for each charge (automatically measured in a 
above the platform), are transferred to the mixing vessel through a sliding door operated In 
attendant and after 10 to 15 revolutions of the mixer, the thoroughly incorporated oncrc 
delivered into turn-over skips, or trucks, as shown in the engraving. 

CONCRETE MIXING AND BLOCK PLANT, No. 2.— The machinery' is sin 
to that last referred to, but — to use the only ground available to best advantage — it was neces 
to raise all the materials by steam driven lifts from ground level to the stone breaker and de 
them by gravitation to the mixer platforms, the former being at a higher level than the latle 

The stone breakers are of the type illustrated by Fig. 5131, and the screened mate 
are delivered to the mixing platform by shoots. 

The concrete mixers are of the construction last described and are arranged and operai 
as shown in Fig. 501 7, but the concrete is delivered into turn-over trucks, and is coi 
overhead roads from which it is tipped direct into the block moulds, 

CONCRETE MIXING AND BLOCK PLANT, No. 3.— In this case t 
are of the Ridley Ij'pe, V\e- 5017, and the stone, broken and screened, at the quarries 1 
in side tip trucks, hauled by locomotive, to the mixers, where it is raised by Inicket and ch 
elevator to the mixer platform. 

There are some interesting features in other portions of the plant designed and supplied 
the writer's firm, amongst which may be mentioned the block shipping plant and the bl 
setting Titan, each for handling 80 tcms blocks ; these are illustrated respectively by Fi 
and Z150 in Sectiem 11. of these volumes. There are also some specially designeil I 
laiiour saving arrangement of tracks, electric inclines, &c. 

QusuTj machinery. — This consists principally of narrow gauge temporary track conneci 
the quarries with block yard, and the usual equipment of locomotives, side-tip trucks, lipT 

is one locomotive crane of 12 t<ms power, of the t 
, of 3 tons power. 

The whole of the slone lieing required for timcrete making, the shot holes are arrangLi 
' ■ ■' ic breakers ; the ex])losivcs being also selected 1 

; by the lighter cranes. 

CONCRETE MIXING AND BLOCK PLANT No. 4 —Fig. 5010 repr. 
a portion of a lai^e plant, designed and built by the writer, primarily for v-ic in the constn 
t)f extensive harbour and dock works, carried out by a foreign government, and subsequen 
pari of the permanent installations for traffic. 

The construction of Ihe wiwks occupied almut 8 years, and since then the cranes 
lieen employed as originally inlendetl. 

There were some exceptional features in tliese underlakincs, but similar appliances 
been usefully employed on the i[uays under circumstances differing widely from those 

The work performed consisted, in the tirst instance, in the construction in mon 
<lepositcd lx:htnd sheet piling, of concrete walls forming the two sides and one end of the • 
and sulise<]uenlly in making concrete blnrks which were laid to a little below normal water 
Fiiuilly (ordinary building materials not bting available) the mixing machinery was employ 
producing a consiilenible (luanlity of concrete useil in Ihe construction of extensive warehi 
fimndatious, niachine shops, foundry, &c. 

Materials.— These were broughl [Kirllv bv rail but chieflv bv water and delivered nt 
the point where the concrete nas de(>i.sitcil'. ur blocks n«de, this being (imder the 
existing conditions) consiclereil preferable to the lonK k-a.l which would have been necess: 
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Machinery employed.— Each set of machinery consisted of a Lee mixer, carried in a 
wriiught iron porlable lower, and driven and fed by a locoinolive steam crane as illustrated, 
the plant lieing moved forward as llie work prt^ressed. 

A Goliath crane, with quick speed, transferred the concrete from the mixer to the moulds, 
treble purchase gear being provided for nianipulating the blocks. 

Turn-over skips were used for handling materials and Murray drop-bottom skips for 
<lelivering the concrete in sitti, or into the iiiunlding boxes. 

The steam crane lifts and deposits the materials and simultaneously drives the mixer in 
the manner shown in Ihe engraving. 

The derrick motion for varying the radius of jib, and the travelling motion, both controlled 
from the drit-ers platform, furnish great facilities for depositing the concrete precisely where desired. 

The mixer tower is provided with platforms around the filling hopper and starting gear, 
also with pump to supply the specified measure of water, and all accessories required to form a 
complete and independent concrete mining plant. 

The discharge door is manipulated by the man who attends to the skips containing materials 
and those for the concrete. 

Wroug'ht iron Goliath crane. — This spans the block making floor and is open at both 
ends to admit of the skip being discharged direct into any of the moulds, a central gangway 
being laid for delivering the finished blocks, as indicated in the engraving. 

The lifting and traversing motions are worked by hand power, the total number of blocks 
to be handled in any one place being insufficient to justify the outlay for steam power 
machinery, nor was the latter necessary for piling and delivering timber, for which these cranes 
were finally employed. 

Cost of plant. ^ — The prices of the component parts of this plant which are described and 
illustrated, will be found under their respective headings, but the total cost may be estimated 
to amomit to about .^1250 

The total weight is about 42 tons. 

ELECTRICALLY DRIVEN BLOCK YARD PLANT.-lt is claimed that, 
for large works, there is great convenience as well as saving in fiiel and labour in supplying 
electric power from a central generating station to the fixed or variable points where power is 
from time to time required. 

An installation of this kind dispenses with the supply of fuel, water, etc. to a number of 
small engines, the removal of ashes etc. and electric current is transmitted through considerable 
distances with so little loss of power, that the claim for economy seems to be liilly established. 

There is, of course, no sort of difficulty in arranging electrical driving for stone breakers, 
screens, cranes, pile drivers, and the numerous other machines now commonly employed by 
Contractors, and if travelling electric concrete mixers of the type illustrated by Fig. SO'5 =-re 
used, the mixing ground need only he provided with the appliances for accurately measuring the 
specified proportions of inalerials, cement and water, and for chatging the mixing vessel. The 
rest of the work, up to delivery at the block mould, is done by the mixing machine which is in 
charge of one attendant. 

CONCRETE MAKING TRAIN.— A further development of travelling concrete 
mixing plant successfully used in the formation of long stretches of retaining wall, which had lo 
lie put in quickly and in very limited space on each side, may be briefly described as follows ; 

A train of wagons containing supplies of stone, sand and cement for a day's work, or more, 
and a special self-propelling wagon were brought into position for commencing work,ithe special 
wagon carrying the concrete mixing machine, sleam power, and a bell conveyor which receives 
the concrete direct from the mixer and deposits it in trench, or block moulds, as the case may be. 

The conveyor boom is pivoted lo swing vertically or horiitontally, so that (he freshly mixed 
concrete can be distributed over a large area, very quickly and without any manual labour. 

Arrangements of this kind are obvioasiy adopted with advantage where space is limited, 
and if Ihe use of a steam crane and grab for transferring the stone and sand from the wagons lo 
the mixer platform, is admissable, the work is carried out very rapidly and at remarkably low 
cost. Failing this (as in the case referred to) Ihe materials arc wheeled or trammed along a 
gangway over Ihe wagons. 
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PILE DRIVING PLANT. 

PILE DRIVING MACHINES.-The well-known form of pile engine frame 
illustralcd by Fig. 5021, whether arranged to work by hand, sleam, or electric power, serves 
for pitching as well as for driving piles, venically or at an angle {" liatler") as required, and 
has long ago replaced the " ringing engine " formerly used, excepting for driving a few isolated 
piles (o no great depth, and is now almost universally adopted in works carried out under 
Briti^ supervision. 

Mechanical arranEcmeata. — Although a frame of the construction indicated in the 
engraving is generally suitable for pile driving by hand, sleatn or electric power, the mechanical 
details (described further on) vary conaderably, and the lypes may be classified as the chain, the 
direct acting steam, and the electric systems. It is essential that each should be as little liable 
to derangement as possible, and that the parts should be light enough, consistently with 
stability, to be easily moved and quickly erecleiL 

The questions of total weight and vibration are also of importance where — apart from their 
cost — sufficiently substantial staging or working platform cannot be easily provided. 

These conditions are perhaps best fulfilled by one or other of the machines now illustrated, 
or by an electric driver such as that described at page 44. But where it is necessary to keep 
the pile "lively" by rajrid succession of blows, the direct acting system, referred to at 
page 43, will probably give the best result. The objection to it, which in some cases has 
been fatal to its use, is the higher cost of the complete machine, the much greater weight of 
parts, and (he necesaty for staging of a kind that cannot always be conveniently provided. 

The water jet referred to at page 48, is a great aid when driving piles in compact strata. 
Informatioii required : 

Height of frame, or length of pile to be driven. 

Wright of monkey to be provided. 

The gauge and minimum radius of curve or angle of track required. 

Details of work to be performed and of power {if any) to be supplied. 
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STEAM WINCH PILE DRIVERS.-The frame of the machine, Fig. 5021. 
is <if pilch pine, [led and slcenijllieiitd )iy ironwork, and mounled on travelling wheels which 
can lie adjusted to fuUow any curve nr angle lif track. 

The head pulley is groined for chain nr wire tope and provided wilh turned steel spindle, 
gun-metal bearings and lubricators, and the lenders are faced with iron. 

A strong ^ngle purcha-se double cylinder steam winch is fixed on the driving platform, a 
lirake controls the run out of chain and the same lever operates a clutch on the chain liarrel. 
The Ixiilec is of the vertical cross tulie type, bujll of steel plates double tivelted and coniplete 
with chimney and the usual littings ; the hydraulic test pressure is 150-llis. per square inch, and 
the working steam pressure is usually ahuut 70-lbs. per stjuare inch. 

The following approximate prices include the machine complete with chain, nippers, 
itip gear and monltcj". 



Wcithl of monkey ... 
I'rice of machine as descril 
Approximate weight and in 
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The flexible sleam tube, which connects Ihe monkev with the sleam boiler, does nol 

move up and down at each stroke of the monkey as in other pile drivers, but 

descencls only with the [Mle. 

By ihe ftrst-nanied improvement much time is ba\ed and evtra driving power is obtained, 

and by the second the heavy wear and tear of steam tube and nsk of accident from breakage 

Construction,— The objects last referred to are at 
forged cast steel, and drilling it to carry sleam to the lo«t 
connected to the upper end. 

The monkey, as will be seen in the engraung (which represents it at rest), slides on the 
piston and fells when the exhaust valve is opened, but on ar^l^al at the bottom, steam is 
admitted through the piston rod into the interior of the monkey and ca ' sc d f h 

next stroke. The sleam admission and exhaust valves are operated f m h pi 1 p' f 

Tlie speed of working depends principally on the length f k d es f 

about zo to 40 blows per minute. 

Outfit and prices.— The pile engine frame is built of any h gh h f d 

being pitch-pine to drive piles of any length up to 30 feet, and pi h h 

■iteel-wire rope, head-pulley and travelling wheels. The machin y mp se h pa 
monkey with valves, vertical boiler and flexible connections, valv es d h f 

the complete machine, with hand or steam power, winch for pitch g p 1 d ma p 1 
the monkey will lie found lielow. 

Pricks of Direct-actini; Pile Drivers, i 5 



Weight of monkey ... 

Price of machine wilb hand winch 



.^300 
I £320 



I 



Tlie cost of packing for shipment and delivery f.o.b will be about 5 per cent. 

DIRECT-ACTING STEAM MONKEY.— If it is desired to use an existing pile 
engine frame, or to build one locally, in order to save cost of freight and import duties, or for 
other reasons, the monkey, as illustrated in Fig. 5021, with planed guides can be supplied, ready 
fur attachment to the leaders and complete with valves and ffesible lube at (about) the 
undernameii prices. 

Prices of Dckicct- acting Steam Mon'kevs. 



Weight of monkey tons 

Price of monkey only 


A 


Ai 


& 


£'y 



The I 



ist of packing for shipment and delivery f.o.b. is al«ul 5 f>er 



ELECTRIC PILE DRIVERS.— The weight of machinery, boiler, etc. and the 
vibration inseparable from the reciprocating action of a sleam driver, frequently present difficulties 
which are overcome by the use of electrical appliances. They drive at least as rapidly as the 
well-known steam machine, and the fact that the motive power is supplied by a wire or cable 
(no fuel or water being required) is often greatly in fevour of this system. 

Construction. —The frame and under-carri^e are built of timber or steel and arranged in 
the same manner as those for steam pile drivers (see Fig. 5021). The travelling wheels can !« 
adjusted to traverse anv curve or angle of track, the frames are arranged to drive vertically or 
on the batter and the machinery can be constructed for working a monkey of any weight. 

The principal depaiture from ordinary practice is the substitution of an electrically -driven 
winch with the necessarv switches etc. for rapid operation, and a powerful electro magnet, 
instead of the steam winch and n ppers in general use. Nippers and trip gear can, however, 
Ix; used if desired 

Mode of working — The magnet and monkey (or ram) are firmly connected by switching 
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with this contact, the monkey is raised to the height desired for ^1 and, when this is reached. 
the monkey is detached by switching off the current ; this operation also reverses the motion of 
lifting drum, so that Ihe magnel follows Ihe monkey and is re-connected as before. The switches 
for these operations are controlled from the wincli. 

The voltage of current available (if any) should be stated, in addition to the details 
mentioned at page 42. 

Prices of Electric Pile Drivers. 



Weight of monkey Ions 

Height of pile engine leaders ... ... feel 

Price of machine 


40 


is 


£700 



The cost of packing for shipment and delivery f.o.b. is about S per cent. 



Fig. 50J3. 

STEAM CRANE, PILE DRIVER, AND PILE SCREWING MACHINE.— 

Conibinalions of machinery arc, by no means always desirable, but sometimes, as in theinstartce 
now referred to, they may be used wilh considerable advantage. 

The conditions to be fulfilled were as follows : 

A quantity of lim)>er piles had to be driven and (subsequently) iron piles had to be screwed 
in a locality where lalmar was extremely unreliable both as lo quantity and quality, the work 
had lo be carried out quickly and the working season was limited. 

The materials had to \x unloaded from craft, and under all the circumstances, it was 
decided that a steam crane specially arranged, so far as sleam pile driving and pile screwing 
were concerned, would be the most suitable kind of plant 10 be provided, the crane being in 
any case required for service on completion of the works. 
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The machinery employed consists of a steam crane of 10 tons power, of the type, Fig. 
5037 with sleani derrick motion to vary the range ofjib from 16 10 l7-fl. and gear for travelling 
Ijy its own steam power, the under-carriage being fitted with buDers and draw gear for hauling 
rolling stock, also with girders extending beyond each side, at both ends of the carriage. 

The ends of these girders are provided with feet adjustable by screw and ratchet lever to 
give the requisite stability in whatever position the ciane may be working and to counteract its 
tendenc}' to move undei the strains incidental to pile screwing. 

Pile driving «pi)liMlceB — Arough timber framewilh leadersand top puUcyisconsttucted 
by the purchasers to suit the work to be performed and the crane is brought into position for 
the crane chain to be passed over the pulley. The crane gear, arranged as hereafter described, 
is used for pile driving, so that there is no alteration or addition to the crane and it is free at 
any moment for its ordinary work. Another arrangement of leaders is referred to under the 
heading " steam crane and direct acting pile driver," but that now described is usually the best 
and the cheapest. 

The monkey weighs l ton, and is lifted and released by the well-known nipper anil 
trip gear as illustrated in Fig. 5021. The lifting barrel is loose on the shaft and is connected 
to it by a claw clutch, the necessary fittings being provided for preventing over flecliny and 
for sustaining a pile when required. Capstans keyed on each end of the barrel shaft can be 
used for pile driving or pile pitching. 

Pile screwing appliances. — These are attached to the under- carriage and arranged Ui 
give a fair lead between the pile screwing head and a pair of capstans carried in front of the 
under-carriage, which, when a pile is being put down, are driven by power transmitted from 
the crane engines. Sec Fig. 5023. This compact and efficient combination saves a considerable 
initial outlay for plant, freight, duly, etc. on the machineiy required for pile driving and pile 
screwing which would lie useless and quite unsaleable when the work is completed. 

The cost of the plant is about .,, ... ... ... £1000 

The total weight, exclusive of some counterweight (scrap iron) which is provided at 
destination is about 32 tons, but for ascertaining the cost of freight, the total in weight and 
It should be estimated to be about 70 tons. 
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TWIN STEAM PILE DRIVER.— The diagrara engraviriBs Fig. 5024 and 502; 
ate side and front elevations of plant which completes a titnber stage or pier as ihe work 
progresses, and dispenses with floating pile drivers by utilisii^ the portion just completed for 
further operations. 

Positions of piles. — The piles forming the inner line are driven vertically and those <in 
(he outer side are on tbe batter, with sheet piling Iwtween the leading piles, as hereafter described. 

The longitudinal lines of piles are, in this case. 8 feel apart, the spacing tradiversely being 
g feel, and these were well braced as soon as driven. The sheet piles were then driven, thus 
Hnishing this portion and leaving it ready for decking and for puUing in the next section. 

Arrang^ement of plant.— As indicated in the diagram Fig. 5025 two light steel pile 
driving frames, braced in the usual manner, are lined on a strong tinder-carriage which overhang«^ 
the front pair of travelling wheels about 12 feet. The vibration (or springing] iif these frames 
is counteracted by the adjustable tie rods between the top of each frame and the rear of the 

The height of the frames in the plants now referred to was 30 feel and, as will be seen, they 
extend to aliout 7 feet below rail level for driving the sheet piles, the lower end of the leader 
being stayed to the front of the under. carriage, but all these dimensions are capable of indefinite 

The top pulley at the upper end of each leader frame is used for pitching piles, and the 
lower one carries the monkey tope ; ladders frotn the platform give the necessary fncilitie> 
for oiling, etc._ 

Pile drivii^ engine. — One machine of the type described and illustrated at pat;es 164 
and 165 of Section II. supplies the power for drivnig both lines of main piles and the sheet 
piles, and provides ample counterweight for the overhanging weights, monkey, etc. 

A capstan on each si<le of the engine frame serves for pitching piles, and a simple device is 

Erovided for holding the monkey up until it is again brought into operation after the pile 
as been pitched. 

Each leader fiaroe is equipped with its own monkey weighing I ton, self grippng and 
releasing nippers, rope, etc. ; tbe rope dVum is operated by a very efficient friction clulch. 
devised by the writer, for this class of work. 

This arrangement of clulch admits of the rope remaining attached to the monkey, when (he 
number of blows per minute may be increased about 50 per cent. 

The machine travels on rails fixed on timber frames, and two of these frames are used so 
that a length can be transferred from back to front as the work prepresses. 

Speed of workiog. — This can be varied to any extent up to about 20 blows of the 



The price of the machine, 


with water 


tanks, 


coal bunk. 


corrugated ii 


•on roof 


about 
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STEAM CRANE AND DIRECT-ACTING PILE DRIVER.— The following 

description relates to a plant designed for use in the construction of extensions to existing docks, 
the crane to be taken over, un completion of the extensions, for quay service alongside others of 
the sante type. 

Work performed. — Pile.s 30-ft. long are driven by a t-ton (looo kilos.) direct-acting steam 
monkey, water under pressure being supplied at the pile pjinl and the plant being complete with 
leaders and the aUjve.named ajipliances, and steam travelling motion for moving along as the 

^ant employed.— A steam crane c)f 5 tons [mwer, similar to that illustrated by Fig. 5037, 
mimnted on a travelling uniler.carriage littetl with a special steel structure similar to an ordinary 
steel pile. driver stage (the weight of which is carried in the socket which usually suppoits a jib), 
steel jib, large bead jnillcy for .steel wire nipe, and steel leaders tied to ihe jib aitd levolvii^ bed, 
the crane gear Iwing used for adjusting the position of the monkey, pitchit^ piles, etc. 

HTdraulic pressure is delivered at the pile iHiint, to aid penetration, liy a double-acting 
steam pum[) fixed on the revolving superstructure near to the boiler. See also page 48. 

The direct-acting monkey is supplied with steam from the crane boiler. 

The crane jib is of steel and is complete with lie rods, etc. to replace the special jib and 

The cost of this special plant is about ... ... ... ... .^looo 

The approximate weight is 30 tons. 
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FLOATING PILE DRIVERS.— Any of Ihe machines teferred to in the foregoinc 
or following pages are easily arranged for fixing on a pintoon or barge, for putting down 
piles, effecling repairs, etc. in situations outside the range of the ordinary appliances. 

Any large (usually provided locally) with sufficient stability can, of course, be used, and 
whether the machine shall he fixed at one end or at the side, or removable to either position. 



Fig. 5026. 
HAND-POWER PILE DRIVERS.-The frame is huili of pitch pine and strenfithcned 
by iron knees, etc. as indicated in the engraving ; the fittings consist of a strong hand winch 
with brake, grooved chain sheave, bearings and accessories, chain, self-acting nippers, monkey 
of the weight specified and trip gear controlled from the working platform, or automatically. 

Adjustable travelling wheels can be provided to follow any curve of track or traverse 
at any angle. 

Prices ok Hanu-Poiver Pile Dkivrrs, Pig. 5026. 



Weight of monkey 




tons 


4 


I 


, 


Height of frame 












Price of machine 






.£36 


£^2 


£S° 


., extra height 




... ptrfoot 


>3/- 


'S/- 


nl- 


„ adjusubleti 


veiling wheels ... 










„ crab and iro 


work only 




£^ 


12S 


£1P 



The cost of packing for shipment and delivery f.o.b. is about 5 per cent. 

WATER JET FOR REFRACTORY GROUND.-It is now well-known that 
jet of water at a pressure of 20 to 40-lbs. pei square inch, ejected al the point of the pil 
greatly accelerates the speed of driving, and the piles so put down are probably more firm 
emlredded than those driven in the ordinary manner, without the jet. 

First use of the water jet —The circumstances under which the writer wa^ culled \\\k 
to devise and supply the necessary appliances are as follow.', : 

A large number of piles had to be driven in strata which, at an averse depth of atmul 3-( 
below the bed of the river, was impenetrable under ordinary iiiethods, although far from hcii 
reliable for foundations. Long drops, rapid blows, and the heaviest monkeys only shattered t! 
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heads of piles, withoul: petceptibly inciiiasing penelraliun at the point, but all difficulties vanished 
when the water jet was brought into operation. This is many years ago and the origin of the 
system has been lost sight of, but the work first performed by it has been remarkably successful, 

Appliuices used. — These consist of a steam pump and one or more iron gas tulies attached 
to the pile or, in some cases (but exceptionally) embedded in il. The' lower end of the tube is 
open and neat lo the point of the pile shoe; the water pressure is conveyed by a flenible pipe 
connection between the pump and the upper end of the iron tube. 

The effect of the jet is simply that it disturbes a small area of the ground through which 
the pile is being driven and causes it to close lound the pile as it descends. 

Pressure of jet.— In connection with the foregoing remarks it may be weti to point ouc 
that the hydraulic pressure needs to be varied to suit the nature of the strata and the depth below 
the siir^ice of sand to which the pile must be driven. The pressure of jet required at the pile 
point to ensure the best result, may range from 25lbs. to 75lbs. per square inch, but an 
effective pressure of 30 to4o!bs. (say 35lbs.) per square inch is usually satisfej:tory. Il is however 
desirable to provide pumping capacity equal lo the higher pressures, and the difference in cost 
is too small to be worth consideration. 

Effidencj of piles driven by this system.— This is fully established t^ the fact that 
if the supply of water pressure is stopped for any length of time, before the pile is driven home, 
it is by no means unusual to find the sand collected so tightly around the pressure pipe (and 
necessarily around the pile) that even the small smooth pipe cannot be withdrawn without 
passing another jet pipe down alongside it to free it for removal. 

The cost of the appliances rarely enceeds about £^0 and the speed of driving has been 
increased more than tenfold, with great reduction in cost, wear and tear, etc. 




Fig. S02S. 

PILE SHOES WITH CHILLED IRON POINTS.-Fig. 5027 represents the 
shoe for square, gauge or staging piles, and Fig. 5028, that bevelled on one side, for sheet piling, 
both being attached to the timber pile by wrought iron straps as shown. The weights of shoes 
and prices of materials vary so much that prices cannot be tabulated but they are easily 
ascertained if the kind and approximate weight of shoes required is defined. 

FILE CUTTING MACHINES.— Appliances for cutting piles to bring the tops to a 
uniform level, whether above or below water line, are substantially as described below, but the 
work varies so much that what has been quite satisiactory in one case is often quite the reverse 
in another, the details are, however, capable of endless modifications. 

The machinery employed consists, fiir the most part, of a circular saw specially toothed 
and fiiLed on the lower end of a vertical shaft which is adjustable in height and driven from 
above, appliances being provided for putting on the cut quickly, or otherwise as desired. In some 
cases rather rudimentary arrangements attached to the steam pile driver have answered 
every purpose, but if the quantity of work to be dealt with will justify the outlay, a far better 
result IS obtained by having the machinery on a special trolly with its own driving power and 
sawing machinery. 

ELECTRICAL PILE CUTTING MACHINES.— If a supply of current is 
obtainable, an electrically driven plant will ItL- the most satisfacloiy, in ease of manipulation 
and efficiency. 

Information required. — In Ihc absence of drawings or sketches with figured dimensions, 
the undernamed details should be supplied. The siie of largest pile, and kind of wood to be 
cut. The extreme range of saw vertically, or the depth below piling stage at which it must 
work. The distance horizontally from centre of pile engine track to outside of pile. 
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CAPSTANS. 



Fig, 5029. Fig. 5029A. 

This subject hiring been dealt with at pages 167 ajid 168 of Section I], with illustrations 
of steam capstans, the present remarks apply only to capstans of the , types represented by 
Figs. 50^9 and 50294, which ate in use in many, docks, harbours. &c. 

iTie Capstan, Fig. 5029, is provided with gear which doubles the power and halves the 
speed of warping, antl can be in operation until the inertia of a latge ship he.i been overcome ; 
it is then detached anci the warping continued at the higher speed. The capstan, Fig. 5029A, is 
not fitted with this gear. 

STEAM AND ELECTRIC CAPSTANS.— Although both those illustrated arc 
worked by manual power, cither of ihcm can be adapted to work by steam or electric power as 
well as by capstan liars, ihe I evolving head being made with nielallic or hard wood whelps, 

STATION TRAVERSERS. 



Fig- S030. 
LOCOMOTIVE STEAM TRAVERSERS for Iransfcrriiig rolling slock from one 
lir.e of track to any olher. must Uiitally be specially designed fur llie work to Ik perfonned, 
but the essential features will prolablynot ditler very widciy iriiin tlio^r ini'.icaleil by Figs. 5030 
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between the iraverser and main line n 

Platform andmachmeij.— Therramework or the traverser, is buili ofrolled steel girders, 
strongly brdceil and decked with chequered plate. 

The platform is complete with boiler, cranes, and gear which transmits motion to the 
travelling vvheels for moving between the points to be served, the vehicles beii^ hauled on 
or off the traverser by the steam driven capstan shown in the engraving. It is carried on 
ten .steel tyred wheels, with all appliances for driving them, and in this case (as in some 
others) hand gear is provided for use when it is not worth while to get up steam. 

Capacity and dimensioiis.— The traverser, Fig. 5030, carries 50 tons and the dimensions 
are 25-ft, 6-m. by 2i-ft. but these proportions are varied indefinitely to suit circumstances. 

loformatioti reqtiired.— This ^ould include dimensions, weight and gauge of rolling 
stock, as well as clear indications with reference to Che type of traverser desired. 

ELECTRIC LOCOMOTIVE TRAVERSERS.-Figs.soaoand 5031 and the fore 
going description apply equally to steam or to electrically driven traversers, the alleralions lieing 
merely the use of motors instead of steam power, and some modifications in the proporticjn-i 
of gear. Where current is available it will almost certainly lie utilised for this purpose. 



Fig. 5031. 

TRAVERSERS FOR LOCOMOTIVE AND CARRIAGE WORKS, coal and 
mineral dep6ts. goods stations, etc., are frequently carried on rails slightly below ground 
level, 50 that the height of the traverser rails corresponds with that of llie main line, as 
indicated in Fig. SOJt. 

ROPE OR SHAFT DRIVEN TRAVERSERS. -In some cases it is more 
convenient to drive traversers of the last-named type by high speed rope or sjjuare shaft, as 
applied to overhead travelling cranes, than to provide them with their own motive power, am) 
this construction is usually less expensive. 

TRAMCAR TRAVERSERS.— These have been built to work by electric or hand 
power and in some instances by either, at pleasure, but as tramway main stations are, as far as 
possible, laid out to dispense with cross traverse, a quite simple and inexpensive form of hand- 
power traverser usually answers every purpose. 

TRAMCAR CRANES, see "Notes on Tramways. 
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ELECTRIC CRANES. 



Fig. 5032. 
The advanlages of electric itansmission of power, refei(e<i to elsewhere, 
ire prominent than in its application to cranes. 
These advantages may be summarised as follows : 

1. That although always available for service, no power is e:(erted 
required when the Cranes are not usefiilly employed. 

2. That the power consumed is more closely in proportion with the work petform'ed 
than any other system. 

3. That power is carried in any direction and to any distance, fll less cost, and with 
far less loss than by any other system of transmission. 

4. That the number of machines can be increased with little or no interference with 
existing operations. 

5. Thai it is entirely unaffected by heat or cold. 

6. That it is compact, easily handled, and easily adapted for working at any 
desired speed. 

T That with little or no increase in generating power, current can often be utilised 
for crane service when not required for electric lighting. 



53 APPLEBY'S HANDBOOK OV MACHINERY. 

PORTABLE ELECTRIC CRANES of the type Fig. 5032 are buill of all powers, 
and with the same facilities as regards length of jib, variation of radius and locomolive appliances, 
if these should be required, a-s the steam cranes referred to ii> this volume and in Seclion II., 
the crane now illuslraled beitig provided with all these appliances. 

The current is collected in the ordinary manner, as shown in the engraving, or from 
a cable laid in a conduit as indicated in Yig. 5040, 

St&bililj and facilities for driving; and supervision.— The horizontal arrangement 
provides for these far more completely than can be attained by any other construction. 

FIXED ELECTRIC CRANES.— The general construction is aniilar to that illustrated 
in Fig. 5032, but the revolving superstructure is mounted on a strong base plate for securing t'> 
concrete or other foundation, instead of on the travelling under -carriage shown in the engiavin;;. 

^rane, as las) described. 

ucted as represented by 
Figs. 5008 or 5010. 

Information required for estimating the cost of jib cranes. 
Type of crane required. 

Weight of maximum and of average working load. 
Radius of jib in both cases. 

State height of jib, if necessary, and depth to lift (if any) below ground level. 
If house (Fig. 5040) or canopy |Fig. 5039) required, state which. 
For portable cranes. State gauge of rails. Is travelling motion required ? 
For gantl; cranes. State clear span and height required. 
Volta£:e of current available (if any). 

ELECTRIC OVERHEAD TRAVELLING CRANES —Exceptional conditions. 
of course, tequiie exceptional design ; but Fig. 5013 illustrates a crane of ten tons power, 
and is typical of all powers and spans as generally constructed. 

Hal^inerj. — Whether all motions shall be transmitted from a single electric motor, or 
one shall be provided for each operation, are queslion.i for the purchaser to decide ; but the 
results obtained from careful tests of cranes with single and with multiple motors are 
unquestionably iti favour of the latter, and for this reason the multiple motor crane has l>cen 
selected for illustration. 

A separate motor is provided respectively for lifting the load, traversing from side to side 
and for travelling longitudinally ; and these operations, separately or in any combination, are 
controlled from the suspended platform from which an unimpeded view of all operations is 
obtained. The appliances for this purpose can, however, be on the travelling crab itself, 
if desired, but the arrangement indicated in the engraving is usually preferred. 

The current is collected from a cable carried along one side of the building, or in 
other convenient position, and is transmitted lo the motors by copper conductors supported 
from the traveller girders. 

Economies effected. Some statistics on this subject will be found in Notes on 
" Economical results of electric transmission." 

SPEEDS OF WORKING —The following table of speeds for the different motions 
of electric overhead travelling cranes, when working with maximum loads, are usually satisfactory 
in regard tothequantily of work performed, as well as in economy in first cost and in consumption 
of power. If, however, any of these speeds are fi)and to Ixi insufficient for the conditions lo Ik 
fulfilled, it will scarcely be necessary to point out that any h^her speeds de»red ate easily 
provided by increasing' the pro port inns of parts and of motors, which of course, entails some 
increase in the cost of the machine and in the ciiiisumption of electric current. 



n artaiigiii); the secliui;s of Ixiams or girders for longitudinal track. 
It should lie borne in mind that the trjck lie.Tins iiiusl Ix: capable of supporting the 
maximum load, plus half the weight of (he traveller which may come on either end cradle. 

CLEARANCE DIMENSIONS.-Unncecssarv exuense land some inconvenience) 
is sometimes incurred by the dear height 1 
them and the walls or columns being insulficien 



i required will Ije found in the following t; 



lANDIiODK OF MACHINt:KV. 



AI'PLEBV'S HANDBOOK CF MACHINERY. 



Standard Speeds, Dimensions an 
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Clearance between rail and wall or column . 
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Heightoflift 


. feet 
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20 
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20 


20 



■See (he foi 
SPAN.-About 40 feet being an 
fur many purposes, this span and a lift 
the weights of cranes, but these diinen; 

INFORMATION REQUIRED :- 

Weight of maximum and of usual load. 
Span centre to cenire of longitudinnl rail; 
length over all between walls or columni 
Clear height available alHive loi^iludinal 
I«ng(ti of longitudinal travel. 
Total height of lift. 



Speeds of working." 

mical span as regards cost of roof, and convenii 
feet have lieen adopted as the units for calculnl 
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ELECTRIC SAFETY DERRICK CRANE.-Fie. S034 shows Ihe lower ponicn 
of a derrick crane of len ions power with electric appliances which transmit power for lifting, 
slewing and derricking in the Hime manner as a steam crane, so that a driver who has been 
necuslumed to the latter has little lo learn when tmnsferred to an ekclric ane The maa 
liaclt ties and sleepers are arranged as represented by Fig. 5084, and the cranes a e as eas 
dismantled and re-erected as the ordinary hand-power crane. 

ELECTRIC GOLIATH AND TITAN CRANES are built of a pow and 
capacities, but the structural features so closely resemble those described at pages 3 o an 
(excepting that electric is substituted for steam power) that it will be unnecessai} Itus ra e 
iir describe tlieni in detail. 

ELECTRIC WALL AND WAREHOUSE CRANES for new and la^e installa- 
tions must frequently be specially designed, especially those in railway goods sheds, but many 
electric winches similar lo Fig. 5035, have been substituted, with great advantage, (or the hand- 
power gear hitherto emploj'ed in existing cranes. 



foundation, and with such modiiications as circumstances require, a similar arrangement is adopted 
for winches of all powers and speeds, for a great variety of purposes from handling ordinary 
goods to mine haulage. The winch illustrated is fitted with spur gear throughout and the load 
can be lowered by a powerful pedal brake, or by power as desired. 

ELECTRIC CAPSTANS.— The arrangement is similar to that adopted for hydraulic 
capstans of the fomiliar type, and consists of a tiox formed of cast iron fJanged plates in which 
the electric motor, the l)earings for the capstan spindle and gear for driving it arc fixed and 
enclosed. 

The motor is reversible and is started or stopped by a switch actuated by pedal or lever, as 
may be convenient, and the needful facilities are affoided for access to the working parts for 
supervision and maintenance. 

COST OF ELECTRIC POWER FOR LIFTS, CRANES, Etc.- It W estimate.l 
that if current cost three pence per Board of Trade Unit, a direct coupled passenger lift carrying 
five persons, or a crane or other machine performing equivalerit duty, will make 100 "trips" or 

With current at two pence per tmit the cost of the too operations is about four pence, 
but with an efficient gas power installation the cost is considerably less than one penny per unit 
which, on the above-named basis, brings the cost of the 103 operations to less than two pence. 
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CRANES AND CRANEAGE. 

The work performed In- cranes varies so widely, thai the examples selected for illustraliuii 
and descripliun must lie limited to types in general use and if more detailed inforniation i> 
daired, it will prc)l]ably lie found in Section II, of this series, but special machinery naturally 
requites special consideration. 

Merita of ayatema.- -It is now generally reci^nised that initial cost of plant is a. considern.- 
lion of far less imporlance than complete adaptation to the conditions to he fulfilled, and ihj 
writer's experience indicates that, in the al»ence of competent advice with reference to the 
system to ]k adopted, the following notes on the comparative cost, efficiency, working expense^., 
etc. of the systems respectively mentioned, will he acceptahle to many who have not hsd 
opportunities of studying these questiotis in detail. 

HAND POWER CRANES.— Valuable as these are for occasional use, they will 

Koliahle lie found to t)e too slow, and too costly in manual lahour to deal satisfaclorily with 
we <|uanliliefi of materials, and for this reason, they are not referred to in detail in these notes, 
inlotmalton relating to iheni will however be found in the ahove named volume, as well as in 
trade catalogues. The subject is also referred lo at pages 109 to III. 

STEAM CRANES.— Various forms of steam cranes referred to elsewhere, and in much 
tlelail in the alxive-nannil Section II. are so well known that it will only be necessan- to 
suinmarise Iheir principal features. These are : That each tnachine is complete in itself, and 
is slightly (if at all) affected t:y climatic conditions. Thai the power consumed is in direct 
priiportion with the work performed, and that the numlier of machines can be increased without 
inlerft-riliE with existing operations, the portable cranes being available for sen-ice over any 
railway track, and even ibr hauling rolling stock. These features, and the comparalively 
low cost of steam cranes, are important advantages, but other ti'pes are preferable under 

HYDRAULIC CRANES —The direct actmg pumps which gene ite hjdtaulic pressure 
liy lineal moticin thriiUf,hout run at comparatnely slo v ^peed are eitreniely simple 11 
construction, ami cost little for maintenance The efhcienci of the hydraulic sv'iteiii , 
referreil to later on. 

ELECTRIC CRANES -The loss of power in convening the totirv motion of the 
electric motor into lineir m ition for lifting the load is less than thit loi sunied in overhauling 
the lifting tarn chains if bydtauhc cranes and the extreme HeMbiUt) of clectriL 

with cranes, capstans, and other lilmur and time saving machii es 

COST OF INSTALLATIONS —The total cost of feirlj la^e instillatioi 
eiiual capacity is usuall) appriximalely as follows The cost of cieam iranes is the lo 
That for hydraulic and ileclric cranes including machineii 
higher and usually alnut equal but if— i ' 

' - ' --■■ -■ — ' '- uppH 

point out that j,enerall) s 

e fourth the numlier of working "hours of cranes, the 

jiid that the power required to ivork the cranes iz> 

' ■" ' i, repairs, etc. frequently suffices 

This, of course, does not apply 

Detaila at lie cranes cost less than electric cranes of equal capacity, tint 

•n, rs, pressure and return mains and buildings for the hj-draulic 

m rating power, conductors and buildings required for an electric 

ses, of erection, laying mains, etc. 
C st an po eijjhl and measureineni have lo be considered, the cost of 

r hydraulic than for electric plant of equal capacity. 

SPEEDS OF WORKING.— It is commonly held that the higher the speeds of 
the larger will be the quantity of work performed by the crane, 
time occupied in preparing loads for the crane, and releasing 
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EFFICIENCY OF HYDRAULIC AND ELECTRIC CRANES.— The useful 

efTecl obtained from we!l desigoed plant is aliout 60 per cent, of the power delivered to the 
crane, when either system is working at its full capacity, but as the ratio of useful effect yielded 
by hydraulic pressure diminishe?, in ihe proportion in which the li«d is less than the maximum, 
whilst that of the electric crane remains at about 60 per cent, when loads vary as much as 
60 per cent, below the maximum for which the crane was designed, it follows that, if, as is 
almust invariably the case, the average load is vcr}' far below the maxinitmi, considerably more 
power will be expended by the hydraulic than by the electric system for equal tonnage in 
varying loads. 

CONSUMPTION OF POWER. -As indicated in 
varies with the nature and frequency of operations, but taking a 
water per hour, at a pressure of 750-lbs. per square inch, as a convenient unit, the average co; 
of working the hydraulic crane will lie alnut double that of an electric crane of equal powt 
which consumes 3'5 lo 5*00 Board of Trade units pet hour, supplied at usual rates. 

WEAR AND TEAR.- With the driving and attention usually obtainable, this is quite 
ati unimportant item, the cost for either system being amply covered by an appropriation of 
5 per cent, per annum, the last practice being adopted for electric cranes. 

Sumniaiy,- From the foregoing it will be seen that whether the lifting machinery shall be 
driven by steam, electric, hydraulic or manual power, is purely a matter of convenience, but the 
safety, cleanliness and extreme flexibility of electric transmission will probably lead to its almost 
universal adoption where a number of cranes, or other lifting appliances ate to be employed. 

CRANES FOR DOCK. RAILWAY AND GENERAL SERVICE.— The 

great importance of rapid despatch has been forcibly pointed out in a paper hv. Mr. Hunter, 
M.Inst. C.E, the Chief Engineer of the Manchester Ship La ea 
Civil Engineers. 

.\fter e:(ptessing the opinion thai complete efficiency 1 pi 

than the cost of the plant, and that the interests of Ijoth d ai p be se e( 

by quick and economical ilespatch, Mr. Hunter directs a ha sa g 

one day in the despatch of steamers such as those noi gaged se 

equivalent lo a gain to the owners of at least ;£loo, or (sa i 00 ua 

trips per annum, piobably more than 2} per cent, on the i 

These considerations apply equally to railway service, because evidently all acceleration and 
economy in handling goods will proportionately increase the earning power of a given quantity 
of rolling stock and station accommodation, to the distinct advantage of both railway and 

Specuil designs are constantly being made to cope with local conditions and it may almost 
be said that, for working to best advantage, scarcely any two installations of moderate capacity, 
can be really identical, so that the examples referred lo in this volume and iii Section II. can 
only be r^arded as representative and capable of many mixiilicacions and combination.^ which 
are neither illustrated nor described. 

LOCOMOTIVE AND PORTABLE STEAM CRANES.— Kig. 3036 represents the 
crane selected by H.B.M. Commissioners for the I'aris Univer.'al Exhibition of 1900 for service 
during the installation of the exhibits, and Fig. 5037 those so largely employed for all purposes 
where a high speed of travelling is reijuired with ordinary rolling slock. 

Both Ihe cranes are of (he usual type and the appreciation of the Gold Medal, which was 
awarded to the constructors, is greatly enhanced by the remark made by M. I^ubet, the 
President of the Republic, who said— after (hanking the members of the Jury for their pain:.- 
taking impartiality : " Among so many meritorious producliims, the Jury have only been able 
to select the most striking." 

Power and constructioi^ — The cranes illustrated arc Imth of 5 tons power, but a reference 
to the engravings of cranes of pthet powers which appear in this volume and in Section II. 
(which treats exclusively of I Ioia(ing Machinery) will snow that a similar arrangement is adopted 
for cranes of all powers from i to 25 tons, or more, whether with appliances for travelling, and 
for altering the radius of jib by sjeam power, as illustrated, or only for Ii!iing and rotating 
through a complete citric, which is oj'len all thai is necessary. 
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There are several valuable fealures in these cranes not always found in olhers, amoiiyst 
which may be nientiDiiLiI : 

The sli:win(T path and antJ-fritlion rollers adjustable for wear, 
Superior fadlilies fur supervision and maintenance. 
Great stability, and all iiperations within sight of the driver. 
Liflin;j and slewing in either direction without reversing the engines. 
Gauge. — The cranes illustrated are adapted for the usual gauge— 4-fl. 81-in.— and if any 
olher gauge is required the distance lielween the heads of tails should be specified. 

The radius usually required is given in the following (able. This is measured from the 
centre of the crane to the centre of the lifting chain when the jib is at an angle of about 45". 
If any other radius is re<[uired il should be stated, together with the ordinary and maximum 
luad to be dealt with at the radius desired. 
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LOCOMOTIVE CRANE WITH PERMANENT - WAY CARRIAGE, 
Fig. 5036. — Cianes of this type are referred to at pages 113 to 117, and that now illustrated is 
representative of the oonslruclion generally adapted fur railway and long distanct^ haulage. 

Under carriage.— The frame is huilt of steel and fitted with stcel-tyred wheels, springs, 
buffers, draw gear, brakes and all accessories requisite for hauling vehicles or travelling with 
rolling stock. The folding under-girders at each end of the carriage are drawn out and bio. ked 
to ensure stability when working on loose ground. 

Tlie superstructure is a. mas^ve casting which carries the engines and all working pans 
arranged horwontally, with the boiler, feed-water tank and coal bunk in the rear which provides 
useful counterweight and provides ample space for the driver. 

The jib h of steel, lattice braced, and is curved to afford facility in handling large packages 
al close quarters. 

Prices of cranes.— Drawings descriptions and prices of many ^les and combinations will 
be found in Section II. of ibis series, but the prices of cranes in g 
illustrated, with appliances for altering the radius of jib, and ol ^ , 

i>petations being controlled from the driver's platform, are approximately as follows ;- 
Prices of Permanent Way Steam Cranes, Fig. 5036. 



Power of crane 

Felting anil lagging boiler 

Set of rail clips 

Tools and lock-up bo:i 



The cost of packing for shipment and ilelivcry f.o.b. is about S |)e 
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PORTABLE STEAM CRANES. - 



-The foregoing gi 
-- xceptingas: „ 
. and occupying 



description applies equally 



i adapted fur moving cuniparalively si 
docks and many works i>f construction. 

Proportions ttod combinationa.— These a: 
itions required and Ko forth, but the approxin 
nihinations generally rojuircd will be casdy olitained from the follovim^ >. 

Cranes exceeding s tons power have wrought iron under-carriage- 

I'KILES OF rORTAULE STEAM CRANES, Fig. SO37. 
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,, Injector and fittings 
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„ Tools and tool box 
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Thec< 



I of packing for shipment and delivery f.o.b. is about 5 per c 



CRANES FOR QUAY SERVICE employed in handling merchandise, coals, &c. 
must, however, frequently have jibs very much longer than those last mentioned. 

The E^in-'ral arrangement is similar lo that inilicated in the engravings but the speeds of 
working are much higher, so that the greater strength and weight of the crane involve increased 
cost in proportion with the normal toad, radius of jib and speed of lifting. 

QUICK WORKING CRANES, of the kind last referred to, easily deal with 50 t.> 

60 loails per hour, which, in ordinary cargo, is much more than can usually be stowed on 

boaxd, t>T in wagon or warehouse. 

The conditions vary so widely that cranes for these purposes should be specially designed 

lo suit the maximum anil ordinary load, the height of lift, usual working radius and the number 

of operations lo lie perfeirmed per hour, all of which should l>e clearly defined. 

In this connection it may lie well to point out that speed is secured and capital outlay saved 

by having quick-working cranes equal to aver^^ maxrmum I ad This rarely exceeds ij tons. 

and is often not more tlu.n about 10 cwt. a few craiiLi, if (,reater power being prot-ided for the 

(exceptionally} heavier loads- 
It will be evident that high speeds cannot con\en cntly and economically combine with 

great lifting power ; also that uniformity in design anil arrangement — ^s far as attainable — goes 

far towards ensuring faciliticK iHith in drinng and maintenance 

Woricins expenses. — In thisandmostKuropean countries (he uorking expenses, including 

cr.ini.nian's wajjes, fuel, oil, itc. rarelv exceeds 10/- to 12 ptr daj so that if only 30 operations 

jHT hour are iimile «ilh average limds of I ton, the cost is less than one halfpenny per ton f..r 

liftii^g, lowering, and depositing the load at any point within the radius of the circle — frcquenllv 

30 feci, or more -describiil by ihe jib. 

Handling coal, coke, minerals, &c.— If the cranes arc used in connection with grab 

' "' ' ' liintid in l''ig. 5040, the aliove-naineil output may be verj- largely exceeded, and 



the. 



■ed. 



Conditions fulfilled. - -ICach jolty is proviil 
■vice at any poinl on either side of the jetty, fr 
Iway wagon or go-down, without re-bandling -n 



I wilh four cranes which are available foi 
transferring merchandise lietween steamer, 
'iterfcring with circulation on the jetty. 
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Construction of jetty.— These are formed of massive concrete walls, a portion of the space 
lietween them being utilised as cold stor^e vaults, with [jo-downs above for ivarehousing 
produce, merchandise, &c. 

Two lines of railway on each side of these galvanized iron go-downs connect the jetty with 
the main line, the crane gantries being outside the railway lines. 

Crane iastailatioiL— This consists of steam cranes of 5 tons power, with quick speeds for 
loads up 10 24 Ions. The radius of the jibs is about 30 feet and the motions, are as described 

Each crane is mounted on a pair of transverse girders wilh end carriages and wheels which 
run on wrought iron longitudinal girders ; these hre supported on columns fised near to the 
copings, and the height admits of the cranes passing over the roofs of the go-downs. Portions 
of these roofe are removable, so that the cranes completely fulfil all essential condilions. 




PORTABLE STEAM GANTRY CRANES.-The s 



r ftoi 



The portable gantry, equipped with a crane of the power and radius required, admits of 
rolling stock passing beneath it and can be moved along the quay, two or more cranes bein;; 
concentrated on vessels requiring exceptionally quick despatch. 

VVork performed.— A steamer carrying 5,000 tons of hematite ore has come in and bee;i 
discharged and left the dock by the next tide. This work was done by two cranes at the main 
h:itch and one at each hatch, fore and aft, or four cranes in all ; relatively good results a:e 
obtained in handling ordinary merchandise. 
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CONVEYORS OR TRANSPORTERS perform some of the 
jib or overhead travelling cranes, details of which will be found at pages 77 1 

HYDRAULIC CRANES.— So many docks, goods stations, etc. 
hydraulic machinery that there will alwajs be a demand for it for extension 
as details relating to hydraulic cranes are given in Section H. (pages 59 tc 
unnecessary to repeat them here. See also |>aee 4. 

But, as pointed out elsewhere in this volume, probably electric ti 
lately supersede the hydraulic system in laige installations, most of the small 1 
provided wilh electric plant equal to supplying Imth light and power, or with siei 



HANDLING AND STORING COAL, 
MINERALS, ETC. 

The leading features of plant for these purpiis. 
the most pan, without details of proportions, cost 
until all the circumstaiices have been considered. 

Widely as the arrangement and construction of appliances may differ, the amount expended 
on plant is comparatively unimportani, priivided that it is in proper relation with the volume o.^ 
work, and thai the undernamed results are obtained. 

Speed of working, mi 
working so larj;ely affects th 
first importatice. 

RAILWAY TRANSIT. -To ensure complete adaptation of coal tips or coaling cranes, 
drawings should l«; furnished showing the dimensions and wheel base of the largest and smallest 
wagons to be handled, and information a.s to their cubical capacity, total weight (full and empty) 
and the nature of materials to be dealt with, or their specific gravity. 

IMPORT AND EXPORT.— These terms are used as conveoiently representing the 
operations of dischareing and loading, and unless cranes or conveyors are employed (which are, 
of course equally adapted for both purposes) it rarely happens that plant for one of these 
(ipetalions is really quite satisfactory for the other. 

PLANT FOR IMPORT.- Examples arc given in Fig. 5039 and Fig. 5040 respectively 
of steam and electric cranes, the latter with grab liucket which is controlled by the crane man 
in filling and emptying automatically. Attention is also directed to the appliances for weighing 
and distriliuting into bins at dilTerent elevations and angles, as described at page 67. 

Wofking expenses.- One steam or electric crane, with grab skip as illustrated, will load 
or tlischai^e 600 to 700 ions of coal in 10 hours, at a cost not exceeding id. per ton (and 
frequently very much less] including all expenses and labour incidental to transfer from ship to 
w^oii or lighter, or the reverse operation, so that one man wilh crane and grab bucket will 
handle more coal or coke, in a given time, than eight men wilh shovel or fork, and make far 
less breeze. ^ 

,t the 

CONVEYORS.- Reference to pages 77 to 80 will show that fixed or portable plant 
of this kind can be arranged 10 convey coal or ore through considerable distances, very quicklv 
and at remarkably low cost ; it can, moreover, be adapted for either import or export. 

SUPPLYING GAS WORKS, BOILER HOUSES, &c,-It will be obvious 
that plant of the kind illustrated by Fig. 5042 or of that last referred to, whether workerd bv 
steam or electric power, will weigh and deliver fuel to store from which small trucks aie filled', 
<a direct to the stoker hoppers. 

Similar arrangements are also adopted for filling carts iir sacks for local distribution. 



[lANDBOGK OF MACIlINEin". 



Fie- 5039. 

COAL DISCHARGING CRANE AND SKIP.— The engraving, Fig. 5039, dearly 
ilicws ihe arrangement of plani and it will only be necessary to say that the steam crane travels 
ak ng the track on the Gas Works property, the jib being long enough to reach over the fence 
and towing path, without interfering with " rights of way," and deposits the coal over a very 
large area of storage. 

The crane has sleam travelling and steam derrick motions so that the jib is readily 
adjusted to reach any part of the coal barge. Flexible steel wire rope is used for lii'ting and 
dcrricking and — as will be seen — a galvanised iron canoov with sliding curtains protects the 



65 AI'I'LKBVS IIANUBOOK OV MACllINKkV. 

The skipa, of one cubic yard capacity, are of Ihe lurn-ovet Ivpe. illuslralcd on a tar 
scalo liy Fig. $"5^1 *"<' '^^'^ dumping iiloct:, controlled by the crane driver, admits of the s 
being emptied al any point ilesired. 

This plant conipieteiy fulfils the coniiitions for which it was designed. 

ELECTRIC CRANE AND GRAB BUCKET.— riant for similar service worl 
by electric motor, but a [rrab bucket taking the place of the lurn-over skip is illustrated 
l-'ig. 5040 ; either crane can, however, be used either *ilh grab or turnover skip. 
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ELECTRIC COAL UNLOADING AND CONVEYING PLANT. -Tht 

installation now referied to for unloading baizes laying alongside whaif, and tinally conveying 
the coal to the stores, without recourse to manual labour, has been selected by "The Engineer" 
35 an example of successful plant for this purpose, and the following engravings and descriptive 
matter are abstracted from the pages of that valuable publication. 

Attention is specially directed to (he ample space provided for the driver, as indicated in 
' " ■ '■ .... . . .gement of controlling levers, and to the very 

The arrangements of parts is similar to that mentioned in previous pages, and indicated 
in the diagram Fig. 5041, imt the motor and some of the gear had to be adapted to suit the 
current at the Company's disposal. The grab skip is of the well-known type worked liy 
single chain, with appliances for tilling and emptying automatically. 




Mode of working;. — The coal taken up by the self-tilling skip is delivered into 
hopper which is seen beyond the crane, and carried thence by the elevator and conveyor 
store, as shown in the diagram engraving Fig. 5042. " The Engiiuer" writes as follows : 



" The TravelUng' Electric Crane which 



fitted with steel pivot and roller path. 



along the coal wharf is of the jib type. 
Limited, Leicester, is mounted on a four-wheeled 
3f rails. The carriage centre is a massive casting 

g steel shaft, and both 
n the crane, 



ilutions per m 
controlled by means of 



and it works 

works through reduction gearing on 
slewing, travelling, and jib-adjusting 
a reversible friction clutch. 

The motor only runs in one direction. It is of the two-phase brushless type, and is of 
20- horse-power. The working pressure is 200 volts, and the periodicity 50. 

The liftii^ gear is of the spur type, and lowering is controlled by a strap hrake and foot 
lever. The slewing is fitted with an additional reversing clutch, in order that the motion may 
be adjusted either way while any other motion is being carried out. The jib adjustment is 
brought about by power through the medium of worm gearing, and is self-locking. 

The crane duly is the lifting of 40 tons of coal per hour from the barges and delivering 
them into a hopper which is 15 feet above rail level. The greatest radius of the jib is 30 feet. 
It is provided with a Hone grab of over half a ton capacity. . . , 
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The weighing machine into which this crane delivers is capable of dealing with 40 ions 
of coal an hour. It is supported on a structure of H iron, and consists as follows : — A hopper, 
with an inside measuretnenl ofd (eel by 6 feel is placed above the weighing machine, which when 
the coal has been weighed, delivers it into a second hopper, which terminates in an automatic 
feeder communicating with the receiver at the lower end of a 24 inch elei-alor. The feeder i> 
driven from the bottom shaft of the elevator by means of a sprocket wheel and chain. This 
wheel also works the aeilatoi of the weighing machine. The feeder is introduced for ihc 
purpose of regularly feeding the elevating and conveying plant, which we arc aboul to descril^i-. 
so that there may be no possibility of choking at the boot, Ihe feed being so r^ulaled that when 
the buckets of the elevator come round Ihey may only take up their proper quantity of coal. 



Fig. 5042- 

The elerxtor is a chain of buckets running in a caa 
of its driving shads, and is placed at an angle of 60 deg. __ . . ._ 

driven by means of a j-brake horse power molor fixed at its upper end. The motion is trans- 
mitted through worm and worm wheel and spur gearing to the upper driving shaft. The elevator 
delivers the coal on to a 20-in. push plate conveyor, working al about 33 feet above ground 
level, along a lattice girder structure carried on H iron uprights made rigid by cross and diagonal 
stays. The 20-in. push plate is l79-ft. 6. in. from centre to centre of the sprocket wheels driving 
it, and at the end farthest away from the elevator it is provided with two outlets or traps bv 
which the coal may be delivered into either of two small elevators connecting with either side 

These two conveyors are 2i-ft. and ig-ft. from centre to centre respectively, and are 
similar, save in height, to the elevator already described. They deliver through a ^oot Inio 
either of two push-plate conveyors which tun down the coal store, being ao-in. conveyors, exacllv 
similar to that on the two lattice girders. These are 73-fi. from centre to centre. As the coa'l 
is taken along the troughs of these it can be dropped into any of the bunkers it passes, through 
holes providrf with doors, which can be opened and closed at will. 

Our illustration (Fig. 5042), shows a diagrammatic view of the whole apparatus, and will 
give an excellent idea of how the plant works. 

In addition to the s-brakehorse power motor already mentioned as driving the main elevator, 
there are a zo-brake horse power motor for driving the long push plate and the two smaller 
elevators, and two 7J horse power motors for driving the two push plates in the coal stores. 
These motors, which together with the ao horse power crane motor, are all of the Westinghouse- 
two-phase type, work at 200 volts and 50 periods. The main shafi of the lai^ push plate and 
two smaller elet*alors, is geared down by means of worm and spur gearing, and there are also 
provided a pair of mitre bevel wheels and counter-shaft on which is keyed a sprocket wheel and 
chain gearing for driving the two smaller elevator counter-shafts. On these shafts there nr-: 
mounted pinions provided with claw clutches, so that either elevator may be used as May bc 
desired. The gearing of the 7j horse power motors for the smaller push plates is of the same 
character — worm and spur gearing." 

The current for the traTelltng; crane is picked up by means of shoes from three rails, 
and, so as to allow for the revolution of the crane, three contact rings are provided in the lower 
part of the crane, arianged concentrically round the central pivot, andspecially designed rubbing 
contacts lake the current from these. 
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ELECTRIC COALING CRANES of other lypes are referred to at page 73. 

COALING TOWER WITH BOOH AND GRAB BUCKET.— This arrange- 
ment is no! illustrated, but being an adaplalion of ihe conveyor system referred to elsewhere, 
the following description will probably sullice. 

The phint consists of a stationary or travelling tower with boom |usua1ly about 60-fl. long 
to reach the centre of the lai^est vessel) and appliances for automatically filling and eniptjing 
the grab bucket, and for tifling and traversing it firom hatchway to wagon 01 bin on quay. 

Tower and boom,— These are built of iron or timber and ate fixed or portable as the 
service requires. The boom is fitted with a travelling jenny, sh 
accessories for carrying the grab bucket, and for lowering it 
traverse ; also for raising Ihe boom to clear masts, etc when out 01 use. 

Grab bucket— This is built of steel to hold one to two ions of coal and is lowered into 
the hold when open (as indicated in Fig. 5040) where il is filled automatically by winding in 
the lifting rope. 

Steam or electric machinery. — This consists of a hoisting engine or electric motor with 
(wo drums to carry the ropes for lifting and opening and closing the buckets, another being 
provided for traversing the jenny. 

The boiler may be fixed in the lower or at a distance from it, as may be convenient. 

Work perfomied. — One complete operation — lowering the bucket, filling, lifting, traversing 
and emptying it — can be made in IJ seconds, but the quantity discharged in a given lime is 
really governed by the speed of trimming forward in the hold and of manipulating the railway 
wagons. When working well, as much as 1200 Ions has been dischai^ed and delivered into 
trucks in eleven hours, but the average is about So to 100 ions per hour for plant of the usual 
capacity. 

Working; expenses. — Two men are required to manipulate the machinery and — including 
the hands in the hold itimmitig towards the Imlchway— the cost of unloading and delivery into 
truck on quay does not exceed about one halfpenny per ton. 

The cost of a portable tower, as described and complete with machinery and grab bucket, 
is about ... ... ... ... ... ... ... ... ^2000. 

The cost of mochmery only, ready for erection on a timber structure provided by the 
purchaser, is about ... ... ... ,,, ... ... ... ^^1 100. 

1 may, in some cases, be 
antage. 

COAL AND ORE CONVEYORS are referred to at some length at pages 77 to 8S, 
but attention may lie directed lo ihcjr capacity for quickly and cheaply transferring from vessel 
to railway wagon or store, or the reverse operation, without re-handling. 

The buckets employed can be emptied automatically at either end, 01 at any desired point 
in the length of traverse ; the great advantage of this is that Ihe breakage of coal is almost nil. 

Appliances for hauling wagons ate usually provided with these installations to obtain the 
full extent of economy in time and labour. 

PLANT FOR EXPORT.-Where Ihe natural levels are favourable and the necessary 
area is available, a system of graiilation of the " Staithes" type, formerly so common in the 
North of England, is economical and eflicient, but in the absence of the above named conditions, 
ample experience shows that one or other of the mechanical arrangements about to be referred 
to will be found to be in every sense satisfectory. 

Mechanical sjrstems. — Excepting those mentioned under the heading " plant for import " 
the purely mechanical appliances for loading vessels with coal or ore, direct from railway 
wagons, may be divided into "coal tips' and "coaling cranes." 

All experience is in favour of the former if the current traffic will keep the plant fairly well 
employed, but if that is not the case, and crane power is required for other service, the sjstems 
indicated in Figs. 5039 and 5040 are worthy of careful consideration. 

The advantage in both cases, so far as rolling stock is concerned, is that only the ordinary 
open truck with end door or flap is required, this type being certainly far cheaper in first cost, 
and in maintenance, than the hoppet wagons which are necessary for some of llie other s)"steHis 
of discharge. 
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HYDRAULIC COAL TIPS.— Fig. 5045 is re-produced from a photograph represen- 
ting a tip of the well-known type, with the sSoot triced up to clear vessels when being berthed, 
and some accessory plant which will be referred to later on. 

The Tower is constructed in the usual tnanner, with deep water in front of the massive 
masonry foundations, and it is difficult to conceive more perfect and labour-saving arrangements 
for coahng than those now refeiTed to. 

Approaclies to tips.^The trucks carrying 7 to lo-tons of coal are brought to the tip by 
main bnes of railway which run parallel, or nearly so, with the dock wall, and after being 
weighed, are swung on a turntable into position for hauling on to the tip platform, hydraulic 
capstans being provided for both swinging and hauling. 

Platform and shoots. — The rising platform, and the shoots, are arranged to admit of the 
truck being tilted to discharge at any height or at any desired angle, with the two-fold object of 
saving in consumption of hydraulic power, and reducing the breakage of coal. 

Swine' jib crane. — A further and important aid in the direction last referred to is provided 
by the hydraulic swing jib crane which is carried on one corner of the tower and employed, 
principally, in lowering sufficient coal in skips to form a cone or cushion, before tipping 



Some notes relating to anli-breakage skips will be found at pages 74 and 76. 

Drivers cabin. — All motions are controlled from a cabin on the side of the tower, from 
which each operation is clearly seen. 

Speeds of working. — These are about the same as are mentioned further on, but the 
total quantity of coal delivered in a given time is, of course, proportionately less than when two 
or more tips can be concentrated on one vessel. 

The power statioil is in a central position for transmitting iwwer to the coal tips, cranes, 
capstans, dock gate machinery, etc. with which these docks are equipped. 

The engines are of the usual direct acting type and these, as well as the accumulators are 
arranged to work in any combination, at least one set being usually in reserve. 

SUBSIDIARY PLANT.-This comprises anti-break^e skips for use in connection 
with the hydraulic sning jib cranes and described above. 

Th« locomotive steam crane with grab bucket is largely employed in raising coal and 
clearing the floor of dock around the tip, hut this crane is specially built with lowering chimney 
and jib, and the boiler swings in very liniited space in order to be available for general service 
in any part of the docks, without encroaching on current traffic. 

The floating crane (in the foreejound) is used for removing refuse matter in front of the 
quays and in all parts of the docks. This installation is referred to at page [56. 

PORTABLE HYDRAULIC COAL TIPS.— The advanti^e of mobility is as 
great in coal tips as in many other kinds of lifting machinery, provided that the approach roads 
can be conveniently arranged. 

Tower and machinery. — The structural and general mechanical arrangements are similar 
111 those indicated in Fig, 5043, excepting that the portable lips are mounted in travelling 
« heels, and the connections lielween the pressure and return mains and the hydraulic rams are 
made by "walking pipes" which admit of a considerable range of motion for adjusting position, 
without disturbing the connections with the mains. 

Work performed. — A wagon containing 10 tons of coal is lifted 45 feet, tipped, and 
returned empty at qtia^ level in 30 seconds ailer it has been placed on the rising table, and by 
concentrating two or more tips at the respective hatchways, more than 2,20a tons of coal have 
been put on board in about 24 hours, so that if the tips are available, steamers coming in can 
rely on being loaded and out, on the same tide. 

All operations are controlled from a cabin near to the top of the tower as represented 
in Fig. 5043. 

Maintaining an even keel, to which some owners attach great importajice, is easily 
attained under this system of loading, or by having a coaling crane of the type Fig. 5039 or 5044 
on one or both sides of the tip. 

Anti-breakage arrangements In addition to the hydia.u1ic cranes and bones previously 

referred to, the shoots are fitted wilb movable plates and wings, and appliances which afford a 
certain amount of radiation from the centre line of the tip. 
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INCLINE TIPS.— Anolher amingemenl is an inclined plane extending from the main 
line to the level of the platform fur tipping, the coal wagons being weighed at ihe bottom of the 
incline and hauled up by hydraulic or other power. 

When the Irimniers work well each tip dischai^es an average of about 250 ions per hour, 
four men (including the incline attendants) being employed. 

ELEVATED COALING JETTIES.— La^e quantities of coal, ore. &c. are 
rapidly and economically shipped in bulk from an elevated staging provided with shoots, 
aa)ustable as to height and angle, at the end or sides of the jetty. 

An arrangement which can be adapted to suit many local conditions consists of a liinlier or 
iron staging, with decking wide enough for two or more trucks, and hoppers below them intu 
which the coal is delivered from drop-bottom trucks. 

The hoppers are kept full, and shoots with appliances for raising, lowering, and fixing iheni 
with suitable inclination conduct the coal to the hold of the vessel being loaded. The speed 
of delivery is controlled by doors in the hoppers which are manipulated from the platform. 

SPECIAL ARRANGEMENTS.— The forcing epitome is by no means a complete 
record of the methods which have been adopted with more or less success, but those not 
mentioned may be regarded as coming into the category indicated in the heading of this 
paragraph. 



CRANES FOR COALING IN BULK.-The engravings Figs. 504^ and 5045 
represent extremely useful types of cranes which work with loads of 20 and 25 tons, and are 
mainly employed in shipping coal, bul are also used for slepping masts, handling raarineengines. 
boilers, locomotives or other heavy or bulky objects. 
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Description of plant— Steam or electric cranes are of the usual construction, excepting 
that, in addition to the lifting and slewing motions, there is a barrel for coiling the rope or chain 
for tipping the truck, as indicated in Fig. 5045, so soon as it is in position over the hatchway. 

The lifting and tipping motions can be used in any combination, and these being under 
complete control, the coal or ore is discharged as quickly or as gently as desired. 

Wftgon and cradle.— The wagons are of the ordinary end opening type, and— in this 
case — carry net loads of ^ to 10 tons, but the plant is easily constructed to deal with trucks of 
larger capacity. 

Bottom opening trucks can be used if desired, but the plain wagons with opening ends ate 
less e:tpensive in iirst cost and maintenance, and are quite as convenient. 

The cradle is built of wrought iron, and provided with ramp rails andappliances for holding 
the w^ons in position when being lifted or tipped. One cradle frequently suffices for each crane, 
but the speed of working can be greatly accelerated if there are two cradles for each crane, or 
not less than three for two cranes. 

Capstans. — In the absence of a system of quay capstans for hauling wagons on and off the 
cradle, the crane itself is provided with capstans which ate driven by power transmitted from the 
main engine or motor, or by a separate motor for each capstan, the latter being usually preferable. 

Horses have been employed for this duly, but the result is scarcely satis&clory either as to 

Speed of marking. — From the foregoing it will be seen that the end doot being opened 
when the wagon has been swung over the hatchway or shoot, the coal is rapidly dischai^ed, the 
cradle being then replaced on the quay, ready for another operation. 

EfficJenC^. —The Engineer-in-Chief reports of the plant illustrated by Fig. 5044, as follows : 

"They (the cranes) have fulfilled all the requirements of my specification, and for smallness 
of cost, coupled with the facility for travelling from one end of the quay to the other without 
in any way interfering with the work on the quay, I am of opinion that they are the best design 
possible for localities where there is not only a large coal trade, but other trades. The cranes 
are used for loading machinery, masting vessels, etc. besides coal. The cranes have done 22 
trucks per hour." 

The number of trucks discharged in a given time depends laigely on the dexterity of the 

riy hands, but as will be seen from the foregoing report each complete operation occupied less 
n three minutes. 
The cost of a g;antry crane, similar to that now described, is about ,,. ^^2250. 

The cost of cradles necessarily varies in proportion with the dimenaons of the wagon to 
be carried, the attachments necessary, etc. but il will probably be from j£70 to ji^ioo each. 

LOCOMOTIVE STEAM CRANE OF 25 TONS POWER.— The capacity 
of the crane illustrated by Fig. 5045, and the mode of working being similar to that last 
described, it will only be necessary to refer to some details of construction. 

Machmerj. — Power for lifting, slewing and travelling is transmitted from the main engines, 
a small pair of engines being provided for tipping the truck when coaling, or for working the other 
motions and economising in consumption of steam when the crane is employed on light work. 

The jib has a radius of 30-ft. and the curved form admits of a truck being raised to clear 
the aide of the largest ■ Atlantic liner when coaling, which could not be done with safety if the 
jib were of the ormnary straight type. 

The iinder-camaEe is built of wrought iron with a massive cast-iron centre piece and 
patent frictional roller-path which can be adjusted to maintain an even surfece all round, as 
explained at page 60. 

The travelling wheels have steel tyres and ample provision is made for stability when 
working under the conditions indicated in the engraving. 

The cost of the crane fully equipped is about ... ... ... £,121x1. 

The weight is about 90 tons. 

The cost of the cradU varies from about ^70 to l\oo. The price of that illustrated 
's .£95- 
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It is frequently desirable that fixed coaling cranes, whether worked by steam, electric nr 
hydraulic power, should have appliances for altering the radius of the jib and for adjusting it 
centrally with the halch or shoot, and Ihus reduce the cost of labour in trimming and, probably, 
some breakage of coal or coke. 



ELECTRIC COALING CRANES.— It will be evident Ihat with very slight modi- 

ficalioii and scarcely any interference with the mode of working, any of the steam driven 
appliances referred to in the foregoing pages can lie arranged to work by electric motor. 

COALING SHIPS AT SEA.— Many attempts have been made to transfer coal 
from one vessel to another at sea, and important as the service is, especially in time of war. 
it cannot be truly said ihal any of the aiJjiliaiiccs hitherto devised have been more ihan ver\- 
moderately successful, and it seems scarcely proliable ihal the problem will be solved by 
private enterprise. 

The must successful of these appliances has been a kind of wire rope conveyor with 
travelling carriage of the type tig. 5055, which has conveyed 20 10 25 tons per hour from collier 
lo batlle-ship when steaming 5 to 6 knots per hour. But as continuity of work depends on ihe 
mainlenance of proper distance between the ships (which is evidently impossible in rough 
weather) the coaling may have lo be abandoned, probably at a time when it is most needed. 
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SHOOTS AND SKIPS. 

The simplest form is, of course, the plain open trough built of wrought iron or steel 
adjustable in height and angle, with or without baffle plates which retlnce the velocity of descent 
and the breakage of coal. 

One or more stages of shoots of this kind are generally used iti connection with coal-tips, 
and triced up as indicated in Kig. 5043 when out of use. This form of shout answers admirably 
for transferring hard coal, ore, gravel, iic. but other appliances, Mmilar to those about to be 
referred to, are sometimes indispensable for more friable materials. 

ANTI-BREAKAGB SHOOTS.— An efficient form of shoot for this purpose consists 
of a circular or rectangular tube (usually the latter) the upper end of which is enlaiged to the 
width of the shoot or wagon, and the lower end provided with doors at the bottom or sides 
which open outwards. 

The lower length of the tube is telescopic, for adjustment as the hold is filled, and the 
bottom doors (controlled by the shoal man) are opened only when the coal or coke can roll or 
slide out with little or no fall. 

Mode of working. — The coal is conducted to the shoot by the ordinary tip shoot, or 
from the wagon direct, as indicated in Fig. 5043, but appliances of this kind are capable of great 
modification, and one of them is mentioned further on under the heading " Anti-breakage Skips." 

GRAB BUCKET SKIPS.— As these are illustrated and described at pages 156 
to 159 it will only be necessary to refer to them here as anti-breakage skips which are 
capable of heing used with any ordinary crane. The filling and emptying being automatic, the 
speed of working is high and the cost of labour (see page 4) remarkably low. 



Fig. S046. I'"ig. 5047. 

DROP-BOTTOM (MURRAY) SKIPS.— rig 5047 represents a cylindrical skip 
with bottom doors which open outward automatically when contact is made with the opening 
crown. Similar arrangements can be applied to the rectangular Murray Skip, illustrated by 
Fig. 5" '5. 

The opening; crown can be adjusted to come intooperationat any heiglil, and so discharge 
the materials with little or no fall, if so desired, and without loss of time ; only one ciown (or 
clip) is required for any number of skips. 
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The mode of working is extremely simple. The skip is filled in the ordinary manner 
and ihc bottom doors remain closed so long as the skip is on the ground or is suspended from 
the lifting chain, but are opened as quickly ot gently as desired and wilhoul scattering, when 
the opening gear comes inlo operalion and the lifting chain is lowered out, this being completely 
controlled by the crane man. 

Advantages. — The skip can be used in connection with any crane which has about 
2J per cent, mote power than ihat required for lifting [he I -ton or whatever may be the net lead. 

In addition to [he high speed of working above referred to, the wages of the man to 
manipulate the skip for discharge are saved, and all risk of accident to him is avoided. 

Prices of these skips will t>e found at page 160. 

TURN-OVER SKIPS of the kind referred to at page 161— where the prices of the 
ordinary siies will be found — being inexpensive in cost and maintenance, are very generally 
employed for all materials which do nol require special care. 

TURN-OVER TUBS.— Coal which will not bear re-hand!ing wi[hout deterioralion 
is sometimes sent to port in wood or iron turn-over tubs of 2 to 4 or 5 tons capacity. The tubs 
are filled at the colliery and conveyed 10 the port of shipment on platform wagons which carry 
four or more tubs, and the latter are handled by fixed or portable swing jib cranes. 

Arrangements of this kind are satisfactory for comparatively small output, but are scajcely 
de^rable where latge quantities must be rapitUy and economically dealt with. 



Fig. 5048. 

SIDE TIP TROLLEY SKIP.— Theengraving Fig. 5048, represents plant adapted 
for lowering into a ship and liischai^ing coal ot other materials at any point alongside an elevated 
or other narrow gauge track. 

Provision is made for handling the skip by a crane and replacing it on the standards afier 
it has been filled or emptied, as the case may be. The under-carriage is of wrought iron or 
steel with end spring buffers as indicated in the engraving, and the wheels are titled for anv 
gauge up to about 24 inches. 

The capacity of the skips ranges from one-third to 1 or ij cubic yards, and the cost with 
trolley and draw bar as illustrated from about .^12 to £2^. 

ANTI-BREAKAGE SKIPS.— These vary so widely in arrangement and cajjacily 
that the following brief descriptions must be taken to refer rather to systems than lo details of 
' 1, which necessarilv have to be modified to suit local conditions. 



SIDE-OPENING SKIPS, of whatever capacity, are usually rectangular, andconlain 
a wagon load of coal, the upper end being larger than the body, and lower end fitted with side 
doors and appliances for opening ibem automalically or otherwise, as may be convenient. 
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Filling the skips. — The arrangements lot this vary according la ciicumslances ; the skip 
is usually manipulated by a jib crane, the contents of the wagon being in some cases emptied 
into the skip suspended by the lifting chain, but a better result is fteqnently attained by lowering 
the skip into a pit fonnetl between the track tails and up-ending the wagon by hydraulic or other 
appliances to tip the contents into the skip. 

Under this system the wagon never leaves the rdls, so that no cradle is required. There 
is the further advantage that the wagons can be either of the ordinary type with end door, or 
" drop-bottom," and (he skip can be lowered until it nearly (or quite) rests on the coal in the 
hold. The bottom doors being then opened, the coal rolls out whilst the skip is slowly lifted or 
slewed, as the case may be. 

The skip is so nearly the same weight as the cradle that a ctane which is suitable for one 
system is equally available for the other. For description of the cradle system seepages 71 and 72. 

DROP BOTTOM WAGONS,— Where this form of rolling stock is used, the wagons 
can be easily arranged to be lifted by the crane and emptied when over the hold, but the 
higher initial cost and up-keep of this type of rolling stock, as well as th^ weight in relation to 
paying load are drawbacks under most circumstances. 



TRANSPORT OF COAL, ORE, ETC. 

• RAILWAY TRANSPORT.- Wagons carrying J to 10 tons of coal are easily handled 
and are convenient in other respects, but the economy in cost of haulage effected by long trains 
of wagons, of the largest capacity drawn by powerful locomotives, is incontestable, and the 
tendency in recent yeais, in thb and other countries, has been to increase the carrying capacity of 
rolling stock, as far as this can be done without too serious interference with existing station 
siding and other facilities. 

This subject is mentioned merely as one to which attention should be directed when 
additional cranes, traversers or other terminial arrangements are under con»deration. 

TRANSPORT BY WATER.— The foregoing remarks on land transport apply 
equally to transport by water, as shown by the increase in dimensions of steamers of modern 
construction, and the provision of every bcility for loading, stowing and discharging cargo. 
The financial results of such provision is referred to in the remarks on new installations for the 
Manchester Ship Canal at pt^ 58. 

Although steamers usually carry their own machinery for loading and dischai^ing, this 
work is frequently done much quicker by the dock equipment of plant, several types of wliich 
are referred to in this volume and in Section II. 

INLAND TRANSPORT BY WATER.— Amongst the numerous arrangements 
for cheap transit by canal or river, trains of lighters may be mentioned, these having, for many 
years conveyed coal and ore at remunemtive, although extremely low rates- 
Trains of lig'hters. — These very successful installations consist of rectangular flat-bottom 
punts or lighters, constructed of wrought-iron and each carrying about 35 or 40 tons of coal. 

The ends of the lighters are slightly rounded and fitted with central pin and bar connections, 
side bufters and draw duiins similar to those on railway wagons. The train made up and coupled 
as above described, is towed to a tower at the shipping port which is provided with the hydraulic 
or other machinery requiate for raising the lighter to the height most convenient for discharge. 

The lighter is floated over and firmly attached to a submei^ed cradle at the foot of the tower, 
the cradle and lighter being then raised to the height required for discharge ; appliances for 
tipping then come into operation, and the contents of the lighter are thus emptied over a shoot 
which conveys them to the vessel's hold. 

Speed of vrorkillg. — The arrangements above described are modified to suit local 
conditions, but the installation now referred to lifts, discharges, and lowers the lighter and is 
ready to commence another operation in about eight minutes. 

NEW INSTALLATIONS,- It is obviously impossible 'o deal with these exhaustivel)' 
without full details of the conditions to be fulfilled and an indication of the capital outlay 
contemplated when^-as must sometimes happen— this is a matter of importance. 

If designs and estimates for the plant required cannot be made under the immediate 
auperviaon of those who will use it and advice thereon is desired, clear information on the 
above-named points should be furnished. 
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Fig- 5049- 

CANTILEVER CRANES.— These usually consist of a tower built of steel sections 
and carrying a cantilever arm on one or 1>o(h sides, as well as the gear for lifting, lowering, and 
traversing the load and (if required) for travelling the whole structure. 

The proportions in lifting power, height above ground level, and length of jib, can be varied 
lo any extent, and the latter can be made to rotate, but complication is avoided and expense 
saved if the motions are limited, as they are in the design illustrated, lo traversing and travi^llin^ 
and these usually suffice for all purposes. 

Double cantilever cranes. — Fig. 5049 represents a crane which manipulates loads uf 
5 tons at any point up to 151; feet on either side of the tower, but appliances arc provided for 
handling loads of 13 Ions within a range of 60 feel from the centre of the tower. 

The load is taken up or deposited at any point in the length of traverse from the centre o(' 
lower to the end of jib, and stability is maintained by a counterweight which aulomatically 
traverscs on one of the cantilevers, in unison with the traverse of the load on the opposite 
cantilever. 

Tower and jibs.—These are constructed to provide maximum strength with minimum 
area exposed to wind pressure, and the greatest possible facilities are provided for handling 
materials, including transpirt lienealh the tower, as indicated in the engraving. 

Machinery. —The engine or electric motors and machinery for the above-named operations 
are carried in the central tower and controlled from the engine room, the height and position of 
which affords a complete view bf the work. 

CANTILEVER CRANES FOR BRIDGE. ROOF AND STEEL 
WORKS. — The mobility of these cranes, the sniall space occupied, and the great range of 
surface over which they efficiently operate, strongly commend them for employment where lai^e 
quantities of materials have to be quickly and expeditiously dealt with, whether for temporary 

le of this construction may. in some cases, t>e advantageously 
ti overhead travelling crane and gantr)'. 

BUILDING BERTH CRANES for slipways. This subject is referred 10 
elsewhere, and many special devices have been employed, a recent and highly successfiil develop- 
ment of plant for this purpose being a crane of the type Fig. 5037, mounted on a fixed gantry 
liiiilt between two slipways. 

The height of the gantry, added to that of the lower, and the great range of traverse along 
the cantilever jib sullici: to clear and reach all parts of the largest ship, so thai the tower, being 
]jiovided with self-pniiiclling gear and the other motions already described, all materials are 
transferred tn their proper positions without re-handling. 

The high spee<ls of lifllng, traversing and travelling which can be safely employed in 
connecticm with these rectilinear motions, eflccl an immense saving in space occupied, as vtell ,is 
in lime and ri)st of haniiling, 

Kailw.ay tracks for conveying materials are usually laid between the rails which carry the 
tower, thus nlillsing the space lo greatest advantage. 

FLOATING CANTILEVER CRANES.— A modification in the mode of construe- 
lion alxive de.scrilxtl is adopted for llimting cranes of large power. This admits of the crane 
pontoon lx.-ing moore<l alongiiide a vessel and having guns or heaty machinery transferred friMn 
ime side to the pontoon, and deposited in the vessel at a distance of 40 to 50 feet beyond the 
!Hde of the piintunn, and at a height of <;o feet or more alK>ve water level. 

The rc<iuisite staliility is maintaineil by the use of water ballast which keeps the pontoon on 
an even keel in the same manner as floating cranes of the type, Fig. 5003. 

The deck equipment is similar to that descrilwd at page 30, and the pontoon is easily 
lulapted for carrying lyr storing hea\'y guns, or for equipment with plant suitable for repairs or 
renewals of machinery. 

The small extent' lo which the foregoing suggestion has been adopted, seems lo indicate 
thai it has not yet received the attention it deserves. 
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CONVEYORS OR TRANSPORTERS 



it niny be desirable, in m ases pec wliich 

the work i:a.n be most profi perf med pp mplea o( 

which will be found in the g pag rj os of the 
conditions usually to be deal 



Over-head transportation.— In addition lo the saving in time and in ibe ccist of handling 
effected by over-bead Iransportalion, olher advantages may be mentioned which are frequently 
of equal or even greater importance. 

Amongst these are : 

The entire absence of interference with road traffic or indnslHal operalions. 

The limited frontage or space required tor transmission and Ihe small area occupied 

by plant. 
The faculty of picking up, depositing or otherwise dischaijjing minerals, merchandise 

or materials of any kind, at any point irrespective of distance, and without 

re -handling. 



Lifting' and traversing. —These motions are transtnitled by steam, electric or other 
power, directly or by belt as may be convenient, the winch having a barrel which will carry the 
length of flexible steel wire rope required, and appliances for slopping or starting, lo pick up or 
deliver the load at any point in the length of traverse, all operations being controlled by the 

The rope from the winch passes around the duinping fall block, as indicated in 
lig' 5055, so that the operations of hfting, traversing and lowering the load ate performed 
by hauling in and paying out a single rope. 

The winch may be immediately below the boom or in any more convenient position. 

Speeds of lifting and traversing.— I j>ads of 1 to 2 tons ate frequently lifted at speeds 
up to 300 feet per minute, and traversed in either direction at a speed of 800 to i 000 feet per 
minute, both operations beii^ under complete control in practice howeier it is l>etter lo 
limit the speeds of lifting and traversing lo those which can lie usefully emploved bicause excess 
in these involves higher cost of plant and greater wear and tear 

The boom is usually of steel, box section supported in any convenient manner eilher 
horizontally or with an incline, so thai storage can In effected to an\ height usually 
required. If ihe boom is suspended it can be slewed ti tight or left (and probabl) traversed) 

Portable and fixed conveyors — The length of boom and traverse is necessanlv more 
limited for portable than for fixed conveyors but manv of the former are in use with booms of 
great length, and mobility is sometimes a very important feature 

The savings effected must obviously vary with the conditions to be fulfilled in one 
instance they are represented by the wages of si\ men previously employtd in tramnim^ 
stacking, &c. 

Work performed.— One of these conveyors with a stttl boim 80 feet I iig iiid a crtss 
Liaverse of 40 feet is capable of making, 60 operations p(.r hour with loads of i Ijn each 
operation consisting of lifting, traversing lower ng dischaig n^ and return 1 s; reidv f r ihe 
next load ; bul with this, as with other kinds of lifting machinery the (juantitic dcilt with are 
limited by the speed at which loads can be prepared and removed and the acluti dul) rartly 
exceeds 40 tons per hour. 
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The details required for preparing designs and estimates are principally as follows : 
Whetlier portable, fixed or floating plant is required. 
The kind and quantity of materials to be handled per hour. 
The average and maximum weight and dimensions of loads. 
The maximum distance between points of loading and discharge. 
Dimensioned sketch of site or buildings to be equipped. 

If electric driving power is pieferred. stale nature of current available (if any). 
Details of steam or electric power (if any) available for driving the winch, and present 
piisilion of same. 



l-'ig. 5050. 

PORTABLE OR FIXED TOWER CONVEYORS. -Fig. 5050 represents 
a steel structure mounted on an under-carriage with wheels, and complete with engine for 
hoisting and traversing, boiler, steel boom, travelling blocks and gear, flexible steel wire rope 
and all usual accessories. 

The ordinajy load of 27 cwt. is deposited where desired wiihin a range of about 135 feel. 
The speeds of lifting and traversing are, respectively, up to about 300 and 900 feet per minute, 
but are under complete control. Conveyors of similar type are constructed for much heavier 
loads, as indicated in the diagram engraving Kig. 5049, the range of traverse, speeds, &c. being 
arrai^ed to suit the conditions desired. 

The projecting boom is hauled up lo offer no obslruclion to shipping when the machine is 
not ac work, and similar arrangements — either portable or fixed- -are evidently adaptable for 
dealing with merchandise or materials of the most diverse character. 

FLOATING TOWER CONVEYOR. -For this purpose a tower, similar lo thai 
illustrated by Vlg. SO50, is fixed on a large, ponloon, or other suitable vessel, ihe boom having 
the pnijcctioii. on each side of the tower, requisite for transferring from ship to quay, or Ihe 
reverse, a.s de.sire<l. 

FLOATING MAST CONyEYOR.-A useful and inexpensive fonn of conveyor, 
for lengths up lo about 50 feet, con.sisls of a boom, complete with travelling block, which is 
lashed lo one of the masts of the vessel lo l>c loaded or discharged, and guyed fore and aft in the 
most convenient position. The ship's winches are usually available for the supply of motive power. 
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PORTABLE OR FIXED GANTRY CONVEYORS.-A boom, similar to ihat 
last referred 10 suspended from a gallows. 01 gantry forms an economical and satisfactory 
ariangemenC for handling coal, grain, merchandise, etc. 

The boom can be slewed to right or left and is easily traversed across the gantry beam to 
increase the area for stowage. The driving power can be iixed in any convenient position. 



Fig. 5051. 

FIXED CONVEYOR.-Arrangements similar 
with advantage where interfen '' "' ' 

ventenl, if nol inadmissable. 

There is scarcely a limit to the length of traverse and, a; 
is so simple that it can usually be provided locally ready to re 




Kig. 5052. 

CANTILEVER CONVEYOR.— The diagram engraving Fig. 5053 ill 1 
of plant which occupies a small quay space, but commands a large area lor sli 
ballast, dredge spjil, timber, etc. or for depositing them on wagon. 

The plant, whether fixed or portable, is self-contained and will handle 50 ti 
hour. The boom can be raised to have no over-hang beyond water-line. 
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J-'iE' 5053- 

BRIDGE CONVEYORS.— The advantage uf Ihis arrangement over that last referrwt 
to, is, thai the bridgt — Ixrirn; sappurteii at both ends — can be built uf any span or height desired, 
with faculty of loading up. or discharging, anywhere lielween the t*ii suppiris. Lengths, 
between supports, up to 150 feet, or more, and heigbts up to 30 or 40 feet, present no difficuliy. 

The machinery which drives the liftiinj and cross -traverse motions is fi\e<i in the ti>wer- 
usiialiy constrvicted of steel — and can Iw controlled from the lower or upper platform as may ]k 



The worlcing; capacity of a double-track c< 
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PORTABLE BRIDGE CONVEYORS are conslrucled as illustrated by Fig. 50SJ, 
and alH>ve descril)ed, bnth front support and lower t»eing mounted on wheels for travellinj; 
longitudinally, so that Ihe area for storage is limited only by the length of quay available. 

If necessary Ihe structure can be moved by p<)wer transmitted from the lifting and Iravers- 



rinsporte 






r to that indicated in Fig. 5052, 



vork ii 



;r of fixed overhead conveyors, constructed of girders supported by iron or timber prets, 
which can be carried to any length reijuiretl. 

The portable transporter travels along the line of quay and transfers coal, ore, 
merchandise, &c. to or from wagotis on quay, warehouse, or fixed conveyor, the projectiiig ami 
or jib which reaches ihe centre of steamer's hatchway being triced up to clear masts and ri^ng, 
when desired. 

Appliances are proviiied for taking up the load, or discharging it automatically, at any 
point ill the length c>f traverse, so that the numl>et of operations performed in a given time 
<lepends principally on the distance the load has to [k carried, but may probably average from 
30 to 60 per hour, 

Informatimi required.. -.Vs insiallatiims of this kind muse \>e constructed to suit local 
crjndilioiis, it is e.tseiilial that drawings to scale, or with ligured dimensions, should 1)e si 
also delail.s relating to Ihe kind of work lo l>e performed, Ihe building 
and whether steam or electric power will \x preferred, 

ried, aIniuI I ton is usually convenient as a maximum load. 



Id 1)e supplied, 
n^-ed (if any!. 



As regards weight to Ij 



CONVEYORS FOR STORES, FACTORIES, &c. -The system represemed 
by rig. 5054 admits of endless ni'Hlifications in length and distance of traverse, either on the 
level or at any incline, with the faculty of taking up or discharging the load where desired, and 
is lar};ely used in warehouses as well as for storing coal, grain, ore and innumerable materials 
liroughl by land or water. 

The driving machinerj wc^kcd clirecl by engine or other motor, or by bell as indicated 
in the illagrain, is fi\ed in any poslilim which admits of the rope being caitiea to the longitudinal 
Ixxim, and the driver having a proper view of his work. 
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Fig. 5054. 

The traversing gear consists of a sieel boom of box section with flanges for the wheels 
of a lifting and traversing carriage which conveys the load; this can be aiitomalicallj arrested 
and held in position at any point desired, and all motions aie worked by a single steel wire rope. 

The lifting capacity of the plant ilUistrated is i Ion at high speed, hut the lifting power, 
the arrangement of parts, and the overhang of tlie jib can be modified to any extent desired. 
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CONVEYOR WITH AUTOMATIC DUMPING SKIP.— The engr^^jr,- 
Fig. 5055 represents the skip being lowered for emptying, and Kjg. 5056 shows it whin 
emptied and returning to the vertical position ready for the next journey. 

The advantages offered by this invention are : 

1. That the upsetting gear can be adjusted to come into operation, automatically, 
at any point desired. 

2. That heavy or friahle matter (coal, etc.) can be discharged with minimum shii.K 
or breakage, as the case may be. 

3. That no time lieing lost by delay in upsetting the skip, there is a corresponding 
increase in the quantities dealt with in a given time — frequently 20 per ctiit. 

4. The w^es of men to upset (he skips ate saved. 

5. The absence of risk of injury to men when tipping slippery or hot materials. 
The boom can he made of the length most convenient for the work, and it can lie sle»eil 

to deposit over a large area. All motions are operated hy the driver of the hoisting machiiicty. 
The framework carrying the boom and (if necessary) the hoisting machinery may Ih.- 
fixed or portable and be constructed in steel, iron, or timber,' as may be best adapted f.-r 
the local conditions. 



An..ox,».T. PR,™ 


OF DuMPiNc, Fall 


Block, 


l-'igs- 5055 and 5056. 


Lifting power of gear ... ... ... cwls. 

Price of gear only 


25 35 

£i° £*s 


& 


Approximate I'ri 


CES OF DuMPiNtJ Skips, Figs. 5055 and 5056. 


Capacity of skip 
Pri«ofskip *^ ... 
Approximate weight ,. 


cubic feet 
,,. . cwts. 


4\t 


£°(- 

5 3 7 


6 i 


si'?, 



The cost of packing for shipment and delivery f.o.b. is usually about 5 per cent. 

SUSPENDED CONVEYORS are usefully cmploj'ed in transferring coal, or com- 
paratively light loads in workshops, factories, power installations, etc. and for handling parcels 
or packages in railway passenger or goods stations. 

The conreyor track, with electric motor, travelling and lifting gear and seal for the 
attendant, is carried on girders which are suspended from a roof, or from columns at any 
convenient height, so that the transfer is effected without in any way interfering with operation- 
at ground level. 

Powers and speeds. — These conveyors are made of two powers, the smaller one to dell 
with loads up to 15 cwt. the lai^er one being equal to two tons. 

The speeds of lifting and traversing can lie varied to any extent, hut speeds of 26 feet pir 
minute for lifliiiy, and 500 to 700 feet per minute for travelling are usually satisfactory, 

PNEUMATIC HOISTS.-The exlen.siye use of compressed air in connection wiih 
drilling, rivetting anil other tiKjls, has led lo the introiluction of pneumatic hoists. They art 
inexpensive and as similar piessiire is required ior working both tools and hoists, no speiijl 
provision is required for (he kilter, excepting the requisite capacity in air- compressing plant. 

Fixed and portable hoiats.— The cylinders for the former are suspended from a toaf. 
bracket, etc., those for the latter being carried on a trolley which runs on the horizontal arm <•' 
a crane jib, or on an overhead girder in the manner (and for most of the purposes) last descrilitil- 

The compressed ai 
easily controlled, at flo. 
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> height uf 4 feet, the c 



With an air pressure of 60 lo loo-lbs. per si 
a hoist 6 inches diameler will lift 9-cw(. to Zo-cv 
lift of 4 feel. 

A hoist 13 inches diameler will lift zj to 4 1 
air heing 15 lo 25 cubic feet. 

Infonnatioa reqnired. — The points to be principally considered are ; 
Whether the hoist is to be fixed or portable. 
The diameter and length of cylinder required, or 
Details of the work lo be performed. 
The pressure of air available (if any), and 

m distance through which ihe air has to be conveyed. 



Prices of Vehticai. Pnevm 



: Hoists, 



Lifting power with JS-'lis. pressure, lbs. 
Diameler of cylinder ... inches 

Height of lift' feet 

Price of huisl 


950 ' I4S0 
4 5 

& A 


6 


2800 

J. 


r 
,.i.. 



For higher lifts add 20 per ci 
ir horizontal hoists. 



It. for each exlra foot of height of vertical lifts and 10 per cen 

Horizontal Pneumatic Hoists. 



Lifting power with 7S-lbs. pressure, lbs. ' 450 

Diameter of cylinder ,,, inches 4 

Heightoflift feet 7 

L' rice of hoist ... ... ... £3:2 



St of packing for shipment and delivery f.o.b. 




is about 5 per cenl. 



ROPE-WAYS. 




I-'ig- S0S7- 

FIXED AND PORTABLE ROPE- WAYS.— Fig. 5057 representsa fixed installation 
which carries a maximum load of four tons through a span of about 930 feet, and is capable of 
dealing with 70 tons per hour ; but the same system is easily adapted to convey any reasonable load 
horiionlally or al any incline (up or down) between 5° and 50°, the speed of lifting and 
traversing being merely a question of strength of cables and of power provided for the purpose. 
It will, therefore, be seen that rope-ways can be modified lo suit innumerable conditions and lo 
constitute a kind of conveyor exceeding the capacities of those referred to at pages 77 to Si. 

The toirers which cany the steel wire rope- way arc constructed of steel or timber for any 
height or span, and may be fixed or portable as circumstances require. Mobility is frequently of 
great value, as, for instance, in conveying the spoil from canal, trench, quarry, or other 
excavation, and depositing it where required for removal without any manual labour, and under 
conditions which do not admit of the use of cranes, locomotives, or similar forms of hoisting 
and tractive appliances. 

Steam or electric power. ^The machinery which transmits power for all operations is 
ii^ed on one of these towers, and all motions are easily controlled by one man. Bill, where 
several sets of plant are used, or where power can be obtained from an electric lighting station, 
much may be said in favour of substituting an electric motor for the usual engine power. 
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FIXED ROPE-WAY.— The towers reprcsenied in Fig. 5057 are built of pitch pin., 
the height is 77 fett, and they are tied to suitable anchorages bj- steel wire rope slays. 

The span {as above-mentioned) is 930 feel, the lifiing power is four tons, and the earn in; 
capacity about 70 Ions per hour. 

The speed of lifting is 350 feet per minute, and that of traversing, alwul 700 feet per minuie. 

LIFTING AND HAULING MACHINERY.— A doul.k cyhnder engine. «ii!i 
link reversing motion, drives two rope drums, one for lifting and the other for the traversing 
rope. Both drums are provided with clutches so that the hauling drum may remain sta.li<iiiaty 
when the load is lifted, or both may l)e worked when it is being traversed, and so maintai; 
uniform height until lowering out is required. Provision is also made for preventing exfe!-rt\i 
" sag " in either the lifting or hauling ropes. 

Work performed. — This consisted 0/ the rapid demolition of an esisiing bridge, thi 
materials — about 130,000 tons— being traversed and (ieposited on either bank, ur al any 
intermediate point, at the lowest possible cost and without Interference with the river tmliii' : 
also for amilar service in the erection of the new slrucluie. 

Efficiency.— The work was conducted with great regularity, and when the new bridge ua. 
completed, the plant was, for all practical purposes, as good as when first put to work. 

The working expenses, including maintenance of plant, is remarkably low. 

_ VIADUCT BUILDING,— Another example of the utility of this system is furnish^.^I 
by its employment in the construction of a lotig Uaditcl, which inclitded the formation of pier- 
in concrete to a height of 73 feet, without scaffolding. 

One of the prominent advantages of the rope-wny was that continuity ol progress wa- 
secured by cemcreling at any of the piers during the time that which had been recenili 
depeBitcd in the others was setting ; it may he added that the rilis for centering were .ih- 
nutniputaled by the rope-way. 

Kvidenl'y, therefore, this or semie similar arrangement can \ie advantageously eniplovtil 
under conditions which would \k less satisfactorilv fulfilled liy cranes or other well-known liftini; 
appliances. 

INFORMATION REQUIRED.— Substantially, this is as indicated at page 79. 

PORTABLE ROPE-WAYS.— It was 

follow up a long line of excaiation and take up 
of about zooo feet. 

The materiids convcTed consisted principally of soil and broken stone; these uen; 
carried in self-dischnt^ing skips, but there were also a considerable number of large stone." ■■< 
various sizes and weights up to about six tons each. The largest stones were lifted and catrii.<l 
by strong nippers or " dogs'' with automatic release, and the others in cradles. 

Towei^.— The main rope-way is sup[X)rled by lowers constructed of steel and mounted < r 
Itiicks. These travel on heavy tracks laid in short' sections and shifted from backlofioiit as ihu 
work proct<'(ls. 'Jlie lower trucks can be propelled by power, but hand winches hauling 1 ii 
rlmiiis with iUichiirHges, or even pinching along, usually suffices. 

Machinery.— The enj;ines, Imiler, and gear for hoisting, cross traverse, and tipping art 
(Isecl on one u)f the toiler.*, iind all iiptration.s — in any ciiribiiialion — are controlled by Ihedrivir. 

Working Expenses. — The average cost of lifting, (raverang and depositing the maitri.il- 
Wiis ahout 2d. jjcr cubic rard of materials handled. 

ThLsdnIa will serve' as an indication of the proWble cost of removing materials «li>n 
working with plant of this type, even if of dilFerenl cajiacity. 

InfOtmatioD reqtlired. — This is similar to that mentioned at page 79, 

ROPE-WAYS FOR QUARRIES, EARTH WORKS, 8tc.-As neither wei!;k 
trnnspcirted. inetjuality of surllue, span btUMeii Mippiitts or inclination of rope- ways mat eriii 111 
interfere with efliiienrj-, they ure emploved witb i;riat advniitai;e in stripping and liareing. ;u:ci 

eienlually traiis(;'irting anil de])ri>iliug the sak^ililc pn.diicts on railnay wagon or other vehi.lL-. 
Arrangemnits of this kind arc ol)\iotislv valuable in the formation of eniliankments, dams. 
ar.d other work.s of construction. 
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ROPE-WAYS FOR FACTORIES.— Similar remarks, of couise. apply to many 
indii^Itial iinderlakings where cheap and rapid transport are essential tn commercial success. 

SELF-ACTING ROPE-WAYS are referred lo at page 88. 

SKIPS FOR ROPE-WAYS.— Facilities for loading and diachaiging skips or boxes 
so (Ureclly affect the speed and cost of working, that details relating to this portion of the plani 
need to lie carefully considered, but these must almost invariably be devised to suit the materials 



WIRE ROPE TRAMWAYS. 

The travelling endless wire rope with carriers running by frictional contact is illustrated by 
^'S' S'^S^- ^i"! the fixed wire rope with carriers hauled by separate rope, as indicated in 
Figs. 505(1 and 5057, substantially represent the types in general use, although modilicalions 
must frequently he made to suit special conditions. 

Iloth s\'stetns are used for conveying coal, ore, materials or merchandise for storage, 
treatment, sliipmenl or other delivery, and either works quite satisfactorily at a considerable 
angle or gradient. 

The first named — the endless rope — conveys any numlier of comparatively hght loads 
•[uickly and economically, about 5 cwts. being a convenient maximum limit. 

The fixed rope sjstem is usually employed where loads each weighing, perhaps, 
several tons have to be carried, or where circumstances require long spans between supports. 

Each system therefore has its sphere of usefulness, and working expenses and cost of 
maintenance are remarkably low in either of Iheni. 

COST OF WIRE HOPE TRAMWAYS -Although accurate estimates of cost 
cannot be made without details of the kind mentioned at page 87 the tabulated approximate 
cost of the principal materials required for a line of given length and carrying capacity which 
will he found at pages 87 antl SS, and will suffice for most prelimir 



I'ig. 5058. 

ENDLESS ROPE TRAMWAYS.— The steel wire rope is of great strength and 
lurability and usually travels at a speed of about 350 feel per minute. 

Supports for rope. — These are of timber or iron (usually the former), the height alwive 
itiiimd level being t-aned to suit irregularities of surface, or to maintain appro.iimately similar 
jradienls, but a clear height of about 15 feel, and spaces of almut 150 feet lietween supports 
ire usually convenient. The following tables of approximate cost are Irased on these dimensions, 
init tlie supports may be as much as 500 or 60a feet apart, if necessary. 
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The CMTiers from which ihe skip, cradle or other receptacle for ihe load is sospendctl, 
consist of a steel frame mounted on wfieels grooved to clip the travelline rope and pass freely 
o»er pulleys, provided at intervals, for supporting the rope and prevenling undue "sag." 

The skips, boxes, etc ate of any form most convenient for the load to be carried, such 
as skips for coal or minerals, open or closed boxes for merchandise, slings or cradles for casks, 
bags, sugar cane and other products. 

Autonuitic applisnces can be arranged for loading at one point and foe dischai^ng the 
load at any point in the line traversed. 

The cost of the metallic work for automatic discharge, ready for fixing, uill 
probably be ... ... ... ... ... ... ... jC6o to jC70 

Driving' and tension gear. — The approximate cost of these, and of shunt rails will 
lie found in the following table, but the cost of engine or other driving power cannot lie 
ascertained without the undermentioned details. 

Infomuitioii required : 

The total length of line with plans and sections of the ground, showing the gradients. 

spans (if exceeding 150 feet), and the number and degrees of angles (if any) to lie 

provided for. 
The kind of materiala, and quantity to be dealt with in a given time. 
The driving: power lo be used.— If this is provided by the purchaser, state how much 

power is at disposal and the speed in revolutions per minute of the shaft from which 

power will be supplied. 

Convenient Loauk fok ENriLESs Rope Tramwavs, Fig. 5058. 



Carrying capacity of line .. Ions per hour 
Approximate weight in each carrier ... lbs. 


5 


120 to 170 


170 to 250 



Approximate Cost of Plant for Endless Rope Tramwa 


s, Fig. S05S. 


1 
Carrying capacity of line ... ... Tons per hour 1 5 


10 20 


Rope, pulleys, and rolling stock for one mile Price per mile 1 £310 


/460 1 .^580 


Dnving and tension gears and shiml rails \ ., 
Price for one mile of line or less ] | *^^ 


iT'SO 1 ;f:i7o 


Rope, pulleys, ic. as above, for more than one mile but \ 1 -■ 
less than three miles of line ... Price per mile/ j ■***° 


A90 1 .£620 


Driving and tension gears and shunt rails for any length | : r 

between one and three miles Price/ i*'^ 


jf25o . £.y^ 


Anglesforanydegree of deviation ... Price each ^25 


£is £45 



The COS! of packing foi shipment and delivery f.o.b. will probably be about 5 per cent. 

Example of estimate for an endless rope-uay J mile long to carry 5 tons pet hour :- 
Rope-way, pulleys and rolling stock for J-mile at ^£310 per mite ... £2^2 i< 

Driving and tension gears for terminals ... ... ... £60 1 

Cost of materials for J-mile of rope-way ... £2^2 i< 

If wilh curve or angle add ^^25, making the total cost .,, ... ;£3I7 n 



SINGLE FIXED ROPEWAYS.— This system, indicated in the diagram. Fig.so59. 
is adopted for transporting light or heavy loads on lung ijians, on the level or with steep gtadienls, 
as much as 5 or 6 tons on spans of 20CO feel, or nuire on steep gradients, having been success- 
fully dealt with. 
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Fig. 5059. 

The arroiigenient of plant differs materially from that represented by Fig. 505S, inasmuch 
as the load is carried on a strong sleel wire rope which serves as a rail, the cradle, which 
carries the load, being bauled by light steel flexible rope. 

Gradients. — This type of ropeway can be laid in the level, or in a series of inclines varying 
in length and gradient, the speed of travelling, on up or down grades, being completely 
controlled by Ibe hauling rope, so that there is no waste of power and very little wear and tear. 

The cost of these ropeways is usually less than those of endless rope tramways of equal 
length and eariying capacity. 

DOUBLE FIXED ROPEWAYS are more expensive than those last referred to, 
hut are preferable where heavy loads are to be carried or where gradients are very sleep. 

The two catTjing ropes are supported on saddles and the cradles (or carriers hauled by 
endless wire rope) run on grooved steel wheels which bear on both ropes, the load being 
suspended tietwecn them. 

Cost of materials.— The following approximate estimate of the cost of materials for lines 
i>f this type will probably be useful, it being understood that the spans for lines of aggregate 
carrying capacity up to 10 tons per hour are assumed to be 1000 feel, and those for 10 tons, 
600 feet. If longer spans are requited the cost is slightly increased. 

Plant for heavy loads must be specially designed, and the cost estimated, after the 
details of spans and maximum weight of single pieces to be carried, have been arranged. 



I'L. 



1 DOUBI 



Fixed Ropeways. 



Carrying capacity ... toi 

Maximum gradient 

Price of materials for I mile of lit 



Thei 



of packing for shipment and delivery f.o.b. is about 5 per ci 



SELF-ACTING ROPEWAYS.— The ancient and well-known system of utilizing the 
v-eigbt and momentum of descending loads for hauling up the empty carriers, is peculiarly 
adapted for rope transport. 

Thousands of tons have been carried by such ropeways with down grades of all inclines up 
to I to I , and spans of more than 500O-ft. with great satisfaction to the owners. 

With properly arranged brake power, the attendant completely controls the work, and the 
plant can be adapted for transporting loads in single pieces of any rea.sonable weight ; it is less 
costly than that last referred 10. 



ROPE HAULAGE.— The two systems of surface haulage known 
and the " Endless rope," each have their advantages for service in com 
quarries, brickfields, etc. and the following notes relate lo the conditions 
usually gives the best result. 



, the "Tail rope" 
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Tail rope haulage is preferable where lung trains have to be hauled over undulating 
ground, and specially so if branch lines have to be served. 

MttChitie^ required, — This consists of an engine or electric motor, and gear for driving 
two drums independently of each other. One of these drums carries the requisite length i.f 
flexible steel wire rope and the other the tail rope, and either of these will coil in whilst the 
other is paying out. 

Mode of working;. — The tail rope hauls the empty trucks or tubs into position fur 
loading and is then disconnected. The main rop>e drum being connected, brings in the loaded 
trucks and the tail rope, which is attached to the end of the train, pays out at the same speed is 
the main rope coils in. 

The track is provided with rollers to support the ropes, the dimensions and spacing of these 
varying widely according lo circumstances. 

This system has licen largely used — especially in the North of England— with complete 
success, but the grest flexilality and convenience of light railways and locomotive traction 
referred to at pages 90 10 105 have probably interfered with its adoption in some recent 
installations. 

The cost of baulase by this system, or by endless rope, is nsually about zd. pet 

Endless rope haulage may be used with single or double tracks and adapted for hauling 
trains at speeds up tu aliout 6 miles per hour over fairly level and straight lines, or with 

Mschinery. — For a single line the engini 
10 lake an endless steel wire rope which tt — 
a sheave at the (nr end. 

The trucks are connected lo the rope by clips or 
for loaded and the olhizr for empty trucks, without r 
only a single line is laid. 

As already mentioned the cost of working is about the same as by tail ropes, viz. ; about 
2d, per ton per mile, 

CLIP FOR ROPE HAULAGE.-The clip is fixed at the front of the truck 
under-catriage and the hauling rope passes beneath it. The truck is attached to or detached 
from the rope by slightly moving a lever to the right or left as the case may be, but the clip can 
be arranged to release automatically at the end of the line, or elsewhere in the line ol 
traverse, if desired. 



LOCOMOTIVES AND ROLLING STOCK. 

Surveys and studies for new lines of railway todetermine the route most favourable for traffic, 
and for gradients which so largely affect cost of construction and subsequent working expenses, 
are usually cariied out under the direction of the engineer-in-chtef, and any attempt, without 
close investigation, lo deal with questions so complex and far reaching would be mere waste ot 
time. But the following general information, illustrations, approximate prices, etc. relating lo 
useful ty[)es of locomotives, rolling stock, rails and eijuipmenis for narrow gauge and portable 
railways will proliably lie of some .service when subjects of the kind are under preliminat; 
consideration. 

Attention is directed l(i the preceding introductory remarks bearing on these matters, and to 
the fact that the cost of all railway plant necessarily varies in synipathy with fluctuations in 
current rates for materials and labour, which form the principal items in cost of production. 

Outline SpecificatiODa arc adopted in order to convey information concisely, and without 
too much repetition, relating to general dimensions and capacities, it being understood that the 
proportions of pans not s|X'cified are ample for the duly contemplated. 

Materials and workmanship. — It will also be understood that due attention is paid 10 
the quality of the malirials employed, uniformity and interchangeability of pailsand accuracy in 
fining and finish, 

GAUGES OF LIGHT RAILWAYS.— Ifa ioca! or branch line differsin gauge from 
the main line it is destined to serve, the Internationa] Railway Congress recommend 2-ft. 6-iii. 
or z-ft. gauge as preferable to all others. The reasons for this conclusion are, that lines of these 
gauges may be laid with curves of i}, or even ij chains (30 to 25 metres) radius, and so follow 
almost any sinuo.sities likely to l)e required for connection, by sidings or portable railway, with 
adjacent factories or agricultural land. 
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of traffic, etc." was aiibniitled for diacusnion befuie ihe InlcmalionHl Railway Ctiiigress, and is 
now mentioned becauBe it seems to comprise Ihe elements which require careful attention when 
Ihe types and diiiien»ons of new railway wagons are under consideration. 

PAYING AND DEAD LOAD,— The ralio of paying to dead load Iwing about i^ to 
I for trucks of 4-ft. 8J-in. gauge and about 3 or 4 to 1 for narrow gauge trucks, the lalter offers 
less inducement to traffic manners, than the former, to keep back freight until a truck load is 
obtained, and thus delay deliveries. 

NARROW GAUGE PERMANENT WAY. -Before proceeding to illusti-aie and 
descriiie ihe leading lypes of rolling stock and equipments, it may be well to enamine ihe 
relative cost of railways of different gauges and (roughly defined) different local conditions. 

Approximate cost of railnrays.— The following table, based on figures comfnled by the 
International Railway Congress, conveys a good idea of the approximate amount of capital 
oiillay necessary for a high-class line on any of the gauges referred to, and these in juxla position 
affords some basis for estimating whether (directly or indirectly) the line will yield an adequate 
return on the requisite capital. 

The cost of land is not included in any of these estimates, nor is allowance made fur 
long inland transit charges, both being unknown quantities, but otherwise the figures represent 
the estimated cost of the line when laid and fully equipped. 

Rolling Stock.— The vehicles may have a width of 6-ft. 8-in. and thus admit of comfort- 
able accommodation for passengers, and, if the line is laid with steel rails weighing 30-lbs. fei 
yard, engines up to 25 tons weight may lie used. These engines are capable of hauling 220 ions 
over gradients of 1 in 100, or of travelling, for passenger service, at a speed of 35 miles per hour. 

COST OF SUBSIDIARY RAILWAYS. -Pioneer lines of railway through 
iairly level country, and districts in which the traffic would not warrant the expenditure 
necessary to provide thoroughly equipped lines, have been construcled in New South Wales, at 
costs ranging from ^1691 to ^2019 per mile. 

The ordinary main line rolling stock is used, and is hauled by a light class of engine at 
speeds of 15 to 20 miles per hour. 

More than 103 miles of such lines were in operation in 1897, and ihc system is being 

COMPARATIVE COSTS OF RAILWAYS.— The low capital ouilayforaline 
of 2-ft. 6-in. gauge is due principally to the lower cost of construction in formations, radius of 
curves, K;c. The following Ls a forcible illustration of the relative cost of light and ordinar)- 
main line railways, both of normal (4-ft. 8i-in. ) gauge, and both constructed in England. 

The length of line Is nearly 13 miles, with three intermediate stations. Under ordinary 
conditions the line would have cost ^450,000, or about ^^30,000 per mile, whilst the outlay for 
the light line was ^67,000, or about ;Cs,i50 per mile. 

The following table gives the average appronimate cost of light railways suitable for various 
local conditions. 

1 Cost of Railways per mii.e. 



Gauge of rails 


i 4-ft. 


8i-in. 


Metre 


2-fl. 


6-in. 




■ £2.393 


£3.9^7 


/I.S9S I 


I f^;5|i 


£',2^ 


42'°S7 
' £2.392 


.Slightly undulating.. 


i -^S-ftw 


irf 


£2.392 t 


£i.i9S 


Very undulating .. 
Slightly hilly 


: ^4,785 




£3,652 t 




.£2,057 


£3. "9° 


/6.380 


" £9'57J 








£3.9«7 


Very hilly 


j£8,742 




£a,7Ss t 


£T,'7» 


ili^ 1 


> .£5082 




.^'0,365 


£i2.y6o 


.^6,3So 1 


;f8,774 


.£4.785 1 


£6,380 




. £u.96i 


iT' 5-950 


jC7.977 ' 




£5,'>i3 ' 


> £7.976 



I be m^e without comp1et< 
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fulfilled. The following figures, however, represent the approximate cost per mile of road of 
the different gauges and weights of rails, laid in this Country and in the Colonies or the Ea^t. 
including rails, steel sleepers, points and crossings, freight and insurance, and labour in la\-in); 
and ballasting, but they do not include the cost of rolling stock, land, import duties or 
inland transport. 





A 


I'ROXl 


«ATE 


Cost 


OF Narr 


ow Gau 


(IB Line 






Guage of Rails 
Weight of Rails per 
Cost per mite laid i 


Enda 


id 


East'! 


llis. 


X4 


30 

^735 


£'093 


Metre 

^1590 

.^^2040 


Color 


ieso 



Steel or Wood Sleepers, — Unless wood of suitable quality and moderate price is 
available locally, it will almost certainly be desirable to have the line complete with steel 
sleepers. They are four times more durable than wood and form a much firmer road for light 
traffic, with corresponding reduction in cost of maintenance. 

Trucks. — For short lines of narrow gauge with much intermediate traffic, four wheel 
trucks of the type indicated in Fig. 5064, to carry 5 or 6 tons and weighing about ij to 2 tons 
when empty, are usually more economical than double bogie trucks of greater weight and 
carrying capacity because, for intermediate traffic, it is frequently inconvenient to load laige 
Uucks lo nearly Iheir full capacity and thus cause haulage of unnecessary non-paying load. 
Double bi^e trucks will, however, be preferable for haulage between terminals and for through 
iralfic on all lines. 

Passenger carriaiKes, on the other hand, should be mounted on double bogies in order to 
obtain the length required to provide for the comfortable accommodation of a maximum number 
of passengers, with the f^esihility necessary for travelling at high speed over curves without 
di->torting the road. 



CARRYING CAPACITIES OF TRAINS ON 
NARROW GAUGE RAILWAYS. 

The following remarks are intended to epitomise the results obtained with locomotives 01 
different gauges, types and weijfhts, and rails of the mininmm weights specified. 

Unfortunately narrow gauge lines are rarely constructed with the care bestowed on main 
lines of normal |4-ft. SJ.in. or metre) gauge, and allowance has been made for this contingency 
in preparing the tables relating to the approximate hauling power, so that, on a well made line, 
the liaulinn poner may be expected to exceed that indicateil in the tables. 

Homer rails than those specified will carry more powerfiil locomotives, thus : 200 t'>ns 
are h:iuled on the level on l-ft. 6-in, gau;^ with 2S-lbs. rails, and 480 tons on a 2-ft. gauge Mith 
rails j6-ll)5. piT yard, and pniportionaie loads on gradients. A 3-fl. gauge with rails weighing 
50-llis per yard will c^rry an engine "ith l6-in. cylinders capable of hauling 950 tons. 

CAKHVINi: CvPAtlTY [N' RELATION TO WeFGIIT AKI» GaUOE OK RAILS. 



(iauge of rails 




... inches 


1« 


24 


1 

30 


36 


Minimum weight 1 


ils 






28 


30 




Carr}ing capacity 


n level 


'""*■ 


90 
11 


70 


340 


650 




I in so 










125 




1 1025 








30 


6S 




]HT hour ... 




'"■"' 


.2.15 


15-20 


25-30 



18 inches gauge (and 20 inches) are frcijuciitly usel 
nporary service where exceptionidly sharp curves cannot c 

34 inches gauge (60 cenlimeireajadoptcdforlhe Festi 
It it has been laiu^y employed for other lines, especially i; 
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30 inches gauge has been, and » 
its large carrying capacity and acconii 
I he line. 



4-ft 8i-in. and Metre Gauge — The prices of Locomotives and Rolling Stock do not 
differ malerially from [hose given further on, but as indicated at page, 3 the cost of rolling 
stock suitable for any given permanent way, cannot be estimated without the usual specification 
supplied by the engineer or by the builder. 

Orders for locomOtiTes tu work on an existing railway (unless the type of engine, size of 
cylinders and gauge of rails are specified) should be accompanied by the undernamed details ; — 

Gauge of railway, '.i-, distance between heads of rails. 

Weight of rails and distance between sleepers 

Distance to be travelled without taking in fuel or water. 

Gradient and length of steepest incline and radius of sharpest curve. 

Maximum weight of train to be hauled, including rolling stock. 

Gradient (if any) on which the engine must start with load. 

If advice on construction is desired and cannot be obtained locally, data with reference 
to the last-named details must be furnished, together with accurate information relating to 
physical conditions, the cost and quality of timber, masonry and labour connected therewith, 
the extent and character of traffic, and such other details as will assist in preparing designs and 
approximate estimates for the necessary plant and accessories. 

For tropical countries, plantation and other work, it is sometimes desirable to provide 
extra protection for the driver, spark arresting chimney, special ashpan, &c. The extra cost 
of these items ranges from £15 to £40, 

Cow-catchers. — The extra cost of these is £jo to £20 per engine. 

Fuel. — The engines referred to in the following pages are adapted for firing with either coal 
or wood, but the kind of fiiel to be used should be slated. 

Oil-firing. — Any of the engines can be fitted with the apparatus necessary for working with 
liquid fuel at an extra cost of about 5 per cent, 

ENGINES FOR TEMPORARY ROADS.— The following tables relating to 
four and six wheel coupled engines furnish reliable general information with reference to the 
duty obtainable on temporary roads, the rails being not less than the weights specified for the 
respective sizes of engines, 

GAUGES OF SMALL RAILWAYS.— The purposes the line has to serve and 
the local conditions are, of course, matters for primary consideration, but — as a rule — 16, 18, and 
20 inches gauge, with rails 10 to 14 lbs. per yard, are most suitable for manual haulage, 20 to 
24 inches gauge for animal traction, and 30 inches gauge, with raits weighing 14 to 20 lbs. per 
yard, for locomotive traction, hut — as is well known — the heavier rail is preferable even for 
the narrower gauges.a;; 

NARROW GAUGE LOCOMOTIVES.— The 

design of the leading types of Locomotives, but may not aci 
modifications and improvements 

The following tables give the principal dimensions, hauling power, approximate prices, etc. 
and the kind and quality of materials used in the construction of the engines ate as follows ; 

Boiler, — The shell and external fire-bou are built of mild steel plates, double rivetted in 
longitudinal seams. The internal fire-box is of copper, with copper stays |-inch diameter and 
about 4 -inches pitch between it and the fire-box shell, and the tubes are of brass, solid drawn. 

The fittings include Ramsbottom safety valve with lever and spring, fusible plug in 
fire-box. dial pressure gauge whistle, two injectors, and all furnace and exhaust fittings, and 
solid drawn copper tubes for steam and feed water connections. 

The ordinary working pressure is 140-lbs, per square inch, and the boiler is tested by 
hydraulic pressure to 240-lbs, per square inch. 

The frames are of mild steel, with cross stays and buff'ers and draw gear are fitted 
to the end frames. 
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forced on the steel axles by h)-<lrauiic pressure. 

■rease, are tilted with heavy brass 



The wheels with weldless steel tyres 
The axle boxes suitable for lubiication wi 
irings, horn blocks, and laminated steel springs. 
The brake is worked by screw controlled from the driver's foot-plate. 
Eneiuea. — The cylinders are of close grained cylinder metal and fitted with 



n packing rings, waste water cocks worked by lever and handle from the foot-plate : 
the valve motion is of improved type, accurately fitted and case-hardened, and the reversing 
lever on the foot-plate is held in position by a sector and spring catch. 

The connecting; rods are of mild steel with heavy gun-metal ends adjustable for wear. 

A coal bunker of maximum capacity is prnvided and an awning or cab can be fixed to 
Shelter the driver. 

Toola are provided for liting. and a lock-up box containing a complete set of spanners, 
hammer, spare gauge glass. lube brush and two oil cans. 

Finish, test, etc — The parts are, as far as possible interchangeable and after Ihe erigine 
has been tested in steam, it is carefully painted, lined in and varnished. 

DUTY OF ENGINES. — In preparing the following tables it has been assumed thai a 
pressure of not less than i3o-lbs. per square inch will be mainlained in (be boiler which will give 
about lOO-lbs. in the cylinders. 



e than about 65 per 



Engines starting on an incline should not be expected tt 
cent, of the load specified in ihe tables. 

The prices of locomotives, rolling stock, etc are based on the normal cost of materials 
and labour, and on standard designs and proportions. Any deviation from these naturally 



Approximate 1 



! Locomotive; 



Minimum weight of rails per yard, lbs. 


12 


14 


16 


iR 


20 


22 


2S 


Diameter of cylinders ... inches. 




4I 


5 


■;* 


6 


6i 




Weight ofengme in working order, tons 


^? 


It 


4 


S 


S+ 


6* 


7 


Tractive power ... ... lbs. 
















Normal speed per hour , . . miles 
















Hauling power on level ... tons 




37 


45 






"5 
















40 




„ lin40 ... 




9 
















SA 


74 






14 








30 


35 




40 






Price with copper fire box and tubes 


/lOO 












AU 


steel 


/2XS 


/.VO 


/,«S 


/,372 


/.420 






Weight of engine empty ... tons 




2i 


3 


32 


4i 


4i 


5i 



Minimumweightof railsperyard Itis. 






16 










Diameter of cylinders ... inches 
















Weightofengme in working order tons 


7i 


H 


tot 


n? 


n+ 


14 


16 


Tractive power llw. 


3200 


4000 


5000 


6000 


7200 


S4'!0 


9330 


Normal speed per hour ... miles 






15-20 


15-20 


iS-IS 




20-30 


Hauling power on level .. Ions 




2W 


,MO 


420 


<;oo 


■jrs 


6,0 




70 






130 




190 




1 m 40 
























40 






67 


















Price with copper fire- It. jx and lubes 




/.T2^ 






/.lOOO 




/riso 


Price with steel fire-box and lubes ... 


/s«.- 


/,t.7K 


.^745 


/.Sis 


^9*5 


jC990 


jC'OSO 


Weight of engine empty ... tons 


^i 


SA 


toi 


"S 


I3i 


14 





and delivery f.o.b. is usually 5 per ci 
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SIX-WHEEL COUPLED ENGINES— The leading deiails are given in the 
following Wbles, and those relating to the speed and haulage power of engines, with C)-linders 
of the same diameter, will be found in Ihe preceding tables. 

It will be seen that a lighter section nf rail is admissible for six-wheel (ban for four-wheel 
engines of equal power and speed. 

APCttoxiMATE Details or Locomotives, Six-wheei. Coupled. 





Diameler of Cybnders ... ... inches: 5 54 6 7 , 7i 8 | 


Weight of Engine in working order tons ' 4l , 5} 6J ; 8 








Price with Copper Fire-box and Tubes ... ! ^4CO 1 ^450 ^520 ^600 


/S+o £675 






Weight of Engine empty ... Ions ^ 3i | 4i 5 ^i ' 7 , 8 1 



Al'l'RO\lMATB DKTA11,S OF LOCOMOTl VKS, SlX-WHKEl. COUI'I.ED— ,0"/(» 


.,/. 


Jlinimmn weight of railspeiyaid... lire. 28 30 1 33 36 40 








We^ht of Engine in working order tons 1 12^ 14S 16S ig 2oi 


23 






Price with Copper Fire-boK and Tubes ... i ^780 ;f86s Z99S ^£'200/1300 








Weight of Engine empty \ 9? ■■3 -ji ] '5 ■ '6 18 | 



The cost of packing for .shipment and delivery f.o.b. is usually 5 per cent. 

SADDLE TANK LOCOMOTIVE SIX WHEELS COUPLED. « 

fire-box and brass tvibes, are built fur any gauge and are suitable for service on 
branch lines, iron aiid other works. 



Dianiete 


of cvlindeis 




to 


,, 


r^ 




T1 




16 


Will hai 


on level 
, I in 100 




350 


420 


525 
170 


; 600 


7^5 


260 


950 




























3f 1 




52 


04 




8^ 










^885 ^KXX 


/,12a 


kivx 


/,.40c 














17^ 




I 24 






30 




iwdght of rails pe 


yard, lbs. 


33 


35 


40 


; *s 


48 


50 


55 



The cusi ijf packing fur shipment and delivery f.o.b. is usually about 3 pet cent. 

TENDER ENGINE FOR NARROW GAUGE. -This engine (not illustrated) 
s four wheels coupled ami leading four-wheel l)ogie, copper fire-box and brass lubes, extended 
loke box, large liie-liox and heating surface, spark aneiiler, etc. and is empluved principally 
r passenger and mixed traffic. If with cow-calcher, the extra cost is ^15 to jfao. 

Details ok Temjek Encines. 







. inches 


8 






H 


Kiiimal ^peeil per liou 




miles 


16 


18 






Will haul on level .. 
























i«> ' .50 




„ I m 50 






36 


46 


60 Sq 


















I'rice of engine 






^900 


.£1150 


/1250 1 /:i5oo 


^.ittoo 


Weight in «<.rkinB or 






10^; 


13 


IS igl 


2;1 




.Is per 


ard lbs. 




25 


28 33 


•fi 



it of packing for shipmei 
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SADDLE TANK FOUR-WHEEL LOCOMOTIVE.— The engriivbg, Fig. 5060, 

illusltates aii engine fiii 4-fl. Sh-\n. gatigv, with copper fire box and brass tubes, bul Ihis type is 

made for any gauge and is much used liy coiilraclors, also for coliieries, quarries, iron works, etc. 

The weight is well dislriliuted and the engine tuns steadily over rough road and sharp 



For specification see pages 92 and 


93- 








Dktaii-s ok four-wh 


ER[. cotin-Kii 1,0 


COMOT 


VES, Fir.. 5060. 




Diameter of cylinders 


...inches: 8 


9 


10 , 12 13 


14 


Will haul on levo] 




250 


330 . 480 sro 


650 




„ 1 70 


8S 


no , r6o 190 




I in so 


■■ ., 39 


49 


62 1 93 105 


1 127 


1 m 25 




25 


34 50 60 


67 


Price of engine ... 


■■ . ■ /650 




/F25 /lOOO ;C"0O 


^I2CC 


Weight in working order ... 




,t 


I4i , .8 20 


23 


Minimum weight of rails pot yard 


lbs. ' 30 


33 


36 ' 44 50 


" 



Bt of packing fot shipment a 



Fill. 5061. 

SIDE TANK LOCOMOTIVE WITH BOGIE.— The subjoined details reUte 
lo engines with four wheels coupled and four wheel leading bogie, compensating beam, copper 
fire-box adapted for burning wood as fuel, brass lulies, spark arrester, &c. 

These engines are suilaljlc for lUiweiiget iinil goods ttaffic on btanch or plantation lines of 
2 feel to 3 feel 6 inches giiugc, the inigie and com ])en sating beam being of great advantage when 
running over tough roads utid shat]i curves. For notes on duly of engines, see page 91. 
For specification, see pages 92 and 93. 
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1 Tank Locomotive" with BonrK, Fig. 5061. 





... inches 


8 


9 


10 


Normal speed per hour 




IS 


IS 




WiU haul on level 


tons 


70 


85 








39 


49 














Price of engine 




£700 


/8w 


j^gis 


Weigti' in working orJer 






''«* 


•5 











it of packing for shipment and delivery f.o.k Ls usually about 5 per 



SADDLE TANK LOCOMOTIVES FOR LIGHT TEMPORARY 
RAILWAYS. — Fig. 50^2 represents a type of engine specially designed to work on light 
narrow gauge temporary roads, with cur\'es and gradients to suit the local conditions and laid 
with little regard to a solid road bed ; it is low in first costand equally so in cost of maintenance. 

To attain these results, all unnecessary complications are eliminated, the working parts 
have large margins of strength, and are, as far as pos^ble outside the frames to l>e completely 
accessible ; the fire-box is so arranged that it can (if necessary) be renewed in one day. 

The saving in cost and time effected by using light engines and portable railway is well 
recognised, and the road is so easily and quickly taken up nr re-laid, that with a little spare road, 
alterations are made in the existing track, or a new section I(dd, without appreciable interference 
with existing operations. TTie subjoined table gives the gauge of line and the minimum 
weight of rails suitable for each size of engine ; the prices of railway material will be found al 
pages 104 to 108. 

The trucks are of the type Fig. 5071. 

Details of Satwi.e Tank Locomotives, Fig. 5062, 



Diameter of cylinders 


... inches 


44 


5 


6 


7 


g 


Gauges of line 






18 to 24 


18 to 30 


241036 


24 to 36 


Minimum weight of rails per yard lbs. 


14 












ions. 


37 


45 
25 


'4 


130 
50 


175 
65 


I in so 




9 
£'290 


A 


18 


^^ 


35 


I'rice of engine ... 




^390 


.^■475 


/550 


Weight in working order 


tons 


3, 




Si 


7 


sj- 



The cost of packing for shipmcn 
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Fig. 5063. 
PASSENGER CARRIAGES.— Fig. 5063 represents useful types ..f Kirsl. Third ami 
Workiiitn's Carriages wilh all ii.sual fillings, for narrow gauge mixed Itaffic. 

The first class carruEe is stated for 12 passengers, and costs alioul ... ... ;£i6o 

Tbe third class and workmen's carriages are seated for 16 pas.suiigers and ci>sts 

Composite carriagje (not illustrated) lo seat iz first class passengers, 16 second, an<l 
8 ihird clas.s, costs about ... ... ... ... ... ... .^4/0 

If with vacuum Ijrake alx)ut ... ... .. ... ... ^£'500 

The carriajje is aluiut 31 feel long, and is fitted with Ivio four-nhee) .snivelling iKigies. 
central huflers with draw hiKilis and all usual acces.s<i[ies. 

For approximate prices of trucks see pages 98 to 103, and fiir rails, etc. pages 104 to ic-. 

The cost of packing i,s largch influenced liy the nature of the packing required, but uill 
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;1 under -frames, four steel- 



The cost, if filled with vacuum brake, is gi 


ven below. 






Ph 


CES OF Open Goods Trucks. 


Fig. 5064. 




Gauge of line 




2-ft. 6-in. 


3f« 


3-ft. 6-in. 


Length of wagon 




13-ft. 6-in. 




16-ft. 7-in. 


Width of wagon 




S-ft. lo-in. 


1 6-ft. 9-m, 


7-ft. 3-i"- 


Depth of wagon 




















Wheel-base ... 






SA 6Jn. 


9 feet 


Price of wagon 

,. with 


vacuum brake '.-'. 


M 


A^ 


iS 



BALLAST OR LOW SIDE TRUCKS constructed as above illusiraied and 
described and of the same dimensions, excepting thai the depth is i-fl. 6-in., can be obtarneJ 
at (approximately) the undernamed prices. 



Gauge of line 

Price of truck 


2-fl. 6-in. 


3 feet 
£6^ 


3-fl. 6-in. 
^65 



it of packing for shipment and dehvcry f.o.b. is usually almut $ per ci 
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COVERED GOODS WAGON, of the type Fig. 5065, is conslnicled with sleet 
underframes and mounted on steel lyied wheels, laminated springs and steel axles, with axle 
boxes for oil or .grease, and are complete with all usual fittings, as illustrated. 
Prices of Covereh Goods Wagons, Fio. 5065. 



Gauge of line 


2-ft. 6-in. 


3-ft. 


1 3-fL 6.in. 


Length of wagon 


n-ft. 6-in. 


■s-f- 




Width of wagon 




6-ft. 9-in. 




Height of wagon inside 


6-ft. 6-in. 


6-fl. 6-in. 


: 6-fl. 6-in. 


Diameter of wheels 








Wheelbase 


5-ft. 6-in. 


8-ft. 6-in. 


9-f«. 


Price of wagon 


£lb 


i79 




Price of wagon with vacuum brake 


£,oj 


.£■04 


^.0, 



COVERED MEAT or MILK VAN (not illnstraled). with timber under-frames and 
Steel tyred wheels 24-in. diameter and laminated springs, or chilled wheels and spiral springs, 
Ihe axle boxes suitable for oil or grease. 

Prices of Coverei> Meat or Milk Vans. 



Length of van ... ... ... ... feet 

Price with laminated springs, etc. 

spiral „ 


& 


a 


it 



St of packing for shipment and delivery f o.b. is about 5 per cent. 



Fig. 5066. 

PLATFORM WAGON Fig. 5066.— Trucks of this useful type for carrj-ing cane 
and other planlaliiin produce, lales, casks, stone, etc. arc built of iron or timber, as preferred, 
and are fitted with ordinan' l^eaiincK and without springs, or they can be supplied with anv 
of tlie acces.snries mcntioneil in the jiilliiwing tabic. They are constructed to carry almost any 
weight, and the prices of thnso in general demand will be found below ; also the extra cost of ii 
platform at one end of the truck with column ami brake to acl on four wheels. 

For carrying timber, the truck can l« litied with a swivelling cradle, to \ie used 
occasionally f..r carrying ^.g^, as shoivn in Fig. 5067. 
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Prices of Platform 


Waoons Fig 


S066. 






Length of wagon ... ... feet 




6 


y 


S 


9 10 


Carrying capacity ... ... tons 

Price with fixed bearings up to 20-in gauge. 




.;*, 


/t'tR 


riK 




.■ 30-'"- .. 


/,S « 


'.b'l 


£& S 


£9 '5 




.■ 3-ft 6-m. „ 












Extra for grease boxes and brasses 
„ horn plates and springs 
„ central buffer and draw hook 
































platform and brake 


X2 


Z2 14 


£3 9 


M ,5 


...I.,. 



The cost packing for shipment and delivery f.o.b. is 5 per cent. 

PLATFORM WAGONS FOR HEAVY LOADS can be supplied at the under- 
named prices, ihe cost of accessories being as given in the preceeding table. 
Prices of Platform Waoons for Heavy Loads. 



Length of wagon 
Carrying capacily 
Price with filed liearings, up 


feel 
20-in. gauge 

.It.. :: 




h 

&» 


i'0 4 


E , 


4» 

1/3" 
^"4 2 


Carrying capacity 

Price with fixed bearings, up 


20-in. gauge 
3-fl. 6-in. ','. 






i 


A 

£'3 '3 
^147 


6 


III 



St of packing for shipment and delivery f.o.b. is S per cent. 



Fig. 5067, 
TIMBER TRUCKS, Fig. 5067 consist of a pair of swivelling b<^ie cat 
steel frames, grease axle boxes, springs and swivelling cradles to carry logs or similar 
, Fig. 5067. 



Carrying capacity ... ... ... ... tons 

Price of pair of trucks 

wilh brakes 


i'.o 


3 

is 


£23 
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NARROW GAUGE MAIN LINE GOODS WAGONS.-These trucks are 
mounted on two swivelling four wheel Imgies, and filled with clnor al each side to lower, buffers, 
draw-hooks, and safety chains. 

The wagon illustrated is typical of all dimensions, this being for 30 inches gauge and carries 
6 tons. The length is 15 feel, widLh 5 feet, and depth 2 feet. 

High «de covered goods (box cars) and cattle wagons have similar under-carriages 
and Ihe approximate prices for Ihem will be found lielow. 

Prices ov Narrow Gauke Diwhi-e Bnc.iE Wagons. 



Carrying capacity 


ions i 


4 5 6i 


s 






12 14 1 16 




Price of tracks as Fig. 




^40 £45 £ss 


/70 




A38 


i44 .£50 ' ^60 


£76 




.- .£46 






If with platform and brake 


extra 1 £5 


£(> \ £7 £» 


£9 



The cost of packing for shipmenl and deliver;- f.o.h. is usually about 5 per ( 



OPEN GOODS OR MINERAL WAGONS, of the type Fig. 5069. arc built for 
all gaufjes, 24-in. and upwards, with wood frame and hinged sides and draw gear. The wagon 
illustrated carries 4 tons on 30-in. gauge, the length is 9-11. and the wheels are l8-in. diameter. 
The exira cosi of lever brakes lo two ot four wheels will Ik found below. 

I'KiLEs Of OfBN Goods Wac.oss, Fic 5069. 



Cartj-ing capacity ... ... ... Ions 


2 










/zo 


£^S 


A- 


/.M 


Extra for brakes, two wheels .. . 


25/- 


zSI- 


jo/- 


35/- 


four ., 


35/- 


..«/■ 


40/. 


4S/- 



The cost of packing for shipment and delivery f.o.h. is about S per ci 



If without ends, the c< 
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Length of wagon 


feel 


' ^ 


4i 


s 


;l 


6 


Cartyine capacily 

Price of truck for 20-inch gauge 




jcTo 


^S 10 


A\ 


-feis 


/,',. 


30-iiich ,, 




/;^ i^ 


/.S rs 


» .0 


/,7 


li 








... 


i6lS 




;C8 5 



il of pacWiiig fur shipuient and litlivery f.o.li. 



tig- 5070- 

STEEL TIPPING TRUCKS.— The following prices relate to narrow gauge truci 
<if the type illuslraled by Fig. 5070, which are so lai^ely used for llie removal of carlh, da; 
giavel, sand and similar materials. The heavier type of truck, Fig. 5071, is preferable fi 
carrying stone, minerals, &c. 

In designing these trucks, care has been taken to provide maximum carrying capacity wil 
minimum height for economy of labour in tilling, also steadiness when running and slabilii 
when lipped. The size and angles of the truck Indy ensure free discharge, clear of the unde 
frame, even of stickv materials. 





I'BICf 


s OF Steei. K.S1» 


OK .SlDI. 


Tipping Trv 


CKS, Kig. 5070. 




Carrying c 


,K,rii> 




...cubi 


feet i2i 




20 




Price of tr 


ck up 






... If-U 


f,i ■; 


: £& 


^9 










... Cl 


4.1 10 


1 .£8 s 


^9 5 




rake 






... j 12/- 


13/- 


15/- 


20/- 



Carrying capacilv 






...cubic feet 


t2i 




20 


27 


IVice of truck up 










1 If- 7 


Li 4 






W-J 






/M . 


.^Sh 


tm 




Extra for brake 








12/. 


1 ■^^- 


'"■ 


20,- 



it of packing for shipment and delivery f,o.b. is 5 per ci 
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Fig. 5071 

STRONG STEEL TIPPING TRUCKS, Fig. 5071, fulfil all the last-n 
conditions ami are built of ihe heavier sections requited for canying minerals, stone, etc. 

All round tipping trucks cost 15 per ceiii. more than end 
onejfur 30-in. Rauge lo carry 40 cubic feet costs i"l8 8s. The cos 
tabulated. 

I'RICES OF STKONC, EnD ANI> SlDK TlPPlNCI TRUCH 



I side lipping trucks, t 



Carrying capacity ... cubic feet 


27 




60 70 


80 


ICO 




'i 




3 1 3i 






Price with fixed bearings up 10 20-in. gauge 
















rl6 








„ 3-ft. e-in. „ 




/,.6lO 


^23i5;^26io 


/,2<> 




hxtra for grease boKCS and brasses 












„ hotn plates and springs 


£1 10 




£^ £2 5 






central buffer and draw gear ... 




ji' 5 








ratchet lever brake ... 


£^ 2 


£1 8 


£' 18, £^ 




£^ 5 



. Heavy Loads. 





,,^i,fc,, 


27 


40 


60 




80 


100 








1 




41 


S* 


o* 


Price with fixed bearir 












%V 








<.4 


/:.<.4 


^27 


AW 6 


^i!.'° 






£'4 5 


t20 


.i28lO 


i35 


Carrying capacity 


-.: .! ; 4 




6 


7 8 










3o-|n. „ . j^irio, £24 £i3i5,£37»\Ui S, £4^ 
3-ft. 6-in. „ ^18 10' .£24 ii\£3S 151/39 i5'/43 »o' £$' 

i ! 1 1 ' 1 





of packing for sliipnienl and delivery f.o.b. is 5 pet cent. 
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MATERIALS FOR NARROW GAUGE 
RAILWAYS. 



Fig. 5072. 

RAILS AND SLEEPERS, Fig. 5072.— The rails are ot steel, VignoUes section, 
and the corrugations of the sleeper prevent it from buckling ; the depression between the 
corrugations serves to conduct rain water under the rail seats for discharge at the ends. 

The sleepers are of mild steel, closed at the ends 10 retain the ballast at the points where 
it is most needed, and to prevent lateral movement in curves ; each sleeper is dipped in 
anti- corrosive fluid. 

TTie chairs which, hold the rail 
with rivets and renders it impossible I 

Rail connectioits. — The ends of the rails a 
the usual manner, by an automatic fish plate joint 

The approxiinate prices include 
and are subject to fluctations in market 
(juantities of less than about 1000 yards. 

Details of Steel Rails and . 



It of the solid ; this dispenses 



Weight of raik per yard ... lbs. 


10 


12 


■4 


16 


18 


20 


22 


Willcarryonfourwheels... tons 


2I 


3i 


3i 


4i 


5 


54 


64 


IMce of materials per mile 


£>So 


^2iO 


£250 


i:27S 


.^300 


/350 


£400 


,, curved line per yard 


3/6 


4/- 


4/6 


5/- 


5/6 


6/- 


6/4 


Approximate weight per mile tons 


'9i 


23 


29 


33i 


37 


42 


46 


Weight of rails per yard ... lbs. 


25 


28 


30 


33 


36 


40 


45 


Will carry on four wheels . . tons 


ri 


H 


9i 


•'i 


i3i 






Price of materials per mile 


£450 


/soo 


^s'o 


.^550 


.^590 


^660 


^750 


curved line per yard 


7/- 


7/4 


7/6 


7/9 


8/- 


8/5 


9/- 


Approximate weight per mile tons 


53 


5Si 


63 


69i 


75i 


ss 


9S 
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Dktaii^ of Stbbi. Rails ani) Si.eei-ers for Lines 20 to 30 im 



Weight of rails per )-ard ... lbs. 


10 


12 


.4 


16 


18 


20 


22 


Will carry on four wheels,., tons 
















IMce of nmtetials per mile 


^TOO 


/^V> 


/^fi? 




/l^ 


/370 


.£420 


„ curved line per yard 


Vo 




4/-. 






6/1 


6/S 


Approximate weiEhl per mile tons 


'9i 


i3i 


304 


35 


39 


44i 


4S4 


Weight of rails per yard .,. lbs. 




2S 






36 ! 40 












Mi 


ni 16 




Price of materials per mile 


/475 


/<;26 


£S5° 


/.S*> 


^^■625 ;^7oo 


^790 


curi-ed line per yard 




7(8 




S/2 


8/6 1 9/- 


9/6 


Approximate weight per mile tons 


50 


62 


W.1 


73 


80 1 89 


104 



Details of Steel Rails and Si.ekpf.rs fo 


R LiNb 


S OF .^IN. T 


S-KT 


6.IS. 


GAl.tiE. 


Weight of rails per yard , . , lbs. 


14 


16 


iS 


2 


22 


25 


Will carry on four wheels ,„ Ions 


1^ 


4l 




;a. 


61 




Price of materials per mile 




/■.M^ 


/,l8o 


/;4^s 


^^.s 


,, curved line per )-ard 












7/8 


A pproiimate weight per mile ,,, ions 


32 


37 


41 


47 


S'i 


59 i 


Weight of rails per yard ... lbs. 


sS 






^6 




45 




H 








16 




Price of material per mile 


/,Sto 


/sMs 


/<S.s 


,'W,S 


£750 £S45 


,. curved line per yard 










10/- ; 10 'd 


Approximate weight per mile ... tons 


"Si 


7" 


78 


844 


95 'c^ 




STEEL POINTS AND CROSSINGS, Fig. 5073.— The diagram indicates 
ct of points and crossiiiKs, with stock and chock rails, and without filling in pieces which ai 
iiade right or left hand as roijuiied. 



Pki 


KS .>K Stki-'i. Pi 


.NT, A 


s-i. Cr 


OBINO 


Fig. 


5073- 






Weight of rails pe 


yard ,„ lbs. 

20.ill. gauge 

20 l.i 30-in, gaiigt 


£2 
£^ 


ii 


£3 


16 

£l<o 


18 


B 


22 

in 


Weiqhtofrailspi. 
I'rice per set up t< 


yard ... lbs. 

2Q.in. gauge 

2Q to 30-in. gaiigt 


'.£?^o 

1 £^ 


28 


30 

£6 8 
£7'° 


33 


4> 


£10 


§,' 
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STEEL SWITCH ES.- 

ttaffic, wlh lever haiiiile and coi 
scarcely admit of being labulaled. 

Switches of lighter tj-pe can be obtain] 



Kin. 5074- 
Fig. 5074 " 





Prices of b 


TKKI. 


WITCH 


.», Fi.i. son. 








Weight of r 


ils per yard ... lbs. 


10 


,2 


14 ,6 ' [S 


20 


jj 




lip to 20-111. gauge ... 




it 


/4I! /Slo ^6 


i7 


/810 




201030-m. „ ... 




Alo 


/5iO|/6 S./7 


is i 


/9K. 


Price of two- 


way switch, 20-in. gauge 




jCa 8 


/5 5 U« > ..^6" 


J6714 


i9 7 




201030-in. ,, 


A 8 


is 


/:<. I 1^618 .^714 


/9 2 


^.010 


Eitr^'forlev 


er and cuunterweight 


15/- 


,61- 


18/- 19/. 21/. 


22/- 


23;. 


Weight of r 


il per yard ... lbs. 


25 


j8 I 50 ; .« 


36 


40 45 


Price per se 


up 10 jo-in, gauge ,. 


.£10 /u 


^■iiS/13 


/14 


^.j.o/v'.o 




20io3o-in. ,. ... 




^■3 ■■> .CIS lo 




^■9 /21 


Price oft wo- 


way switch, 20- m. gauge 




^■3 /TU 6 


/158 


/17 ''il9 5 




„ io»30-i„. „ 




i'417 ^isis 


il7 


i'SiSi" 4 


Extr^'for lev 


or ami counlerweieht .^16^1 10 


^■" £. 


i:=5 


i:2.o .C2,i 



TURNTABLES are built of any diameter and carrjiiig lapapily, niid prn 
rails of any weight or gauge required. Iml the following prices for a few size.s of lurnl^i 
type. Fig. 5075 may be useful when esliniiitiii); iht approximate cost of eiiuijinients 



APPLEBY'S HANDBOOK OF MACHINERY. 



Those luinlables are made with ci 
only h supplied ready for ercclion in a 

The flooring; nr chequered plate 
provided at an extra cost of about lo f 



or wioi^ht iron casing, as illustrated, ui the iron 
url> built in masonry or limber. 
■r timber is not included in the prices, but either c; 





Prices ok TuRNTAtii.Es, Fig. 5075. 




Diameter of table 
Carrying capac.ty 
IMce with curb ;,. 
„ with' lit curb ... 


■■■■'^: i i I* lo lo 

' £21 £zS ; /34 ■ /41 
^18 1 £24 1 £29 ., ^36 

1 1 


£S3 £50 1 /74 
^45 , £a2 ^63 

1 


Diameter of table 
Carrying capacity 
I'rice with curb 

,, without curb ... 


-..feel 12 12 ! 14 : 16 

-.'""'' £S7 iTn? , /105 ! /.20 

-.. I £72 j £98 £»7 ii"'oo 


i8 ao 

;iiro .^'26 
£'37 .£">S 





St of packing for shipment and delivery f.o.b. is about 5 per ci 



Fig. S076. 
SMALL TURNTABLES with single or cross roads are seli-contained « 
for setting in brickwork, as illustraled by Fig. 5075. 





I'RICES OP TURNT 


ABI.ES, Fig. 5076. 






Dian 
Carr 
I'tic 


eler of table ... feet 3 

of lurmabL with cuJb ... j ^3 
,, without ctirb ... '[£2 10 


1 ! 1 


6 


i 7 8 

I 6 6 

i£/o ^23,0 
5, £i7 ^19 ic 



TIPPING PLATFORMS (not illustrated) are made fixed or portable, for dischai^ng 
sugar cane al the mill, for unloiwling other products and materials and for transferring ore, coa.1, 
&c. from narrow gaiigo trucks to hroatl gauge wagons. 

They arc usually specially designed for the conditions to be fulfilled, but the cost is 
appiosimatcly as f.illmvs. 



Gauge of tails,,. 

Price of portable lip ... 

fi^<-'iltip 


Up to 20 inches 
£9 


20 to .10 inches 

i'i 
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TRUCK TIPPLERS of the type used aboul colliery and olher heapsleads, and for 
mpletely emptying trucks carrying coal, chalk, clay, ore, Hie. 

Prices of Truck Tipplers. 



Gauge of rails ... 
Price of tippler 


Up w 20 inches 


so to 30 inches 
^15 


30 !o 36 inches 
/16 



SIGNALS FOR LIGHT RAILWAYS of wrought iron lattice 
alxJUl 25 feet high, are provided with lamp, revolving disc, ladder and fittings, including pull- 
over lever for working from the station platform. 

The price for home signal is 

The price for distant signal is 

Ironwork and fittings for signals, to be attached 10 a timber post, consis 
and spectacle, hand lever, ladder, and iron socket. 

The price of ironworlc, &i:, for home signals is 

The price for distant signals is 

Pull-over lever, balanced arm, wire and pulleys for distant signal costs about .. 



£50 
of lamp, 

£12 

£is 
£& 



Fig- 5077- 

WATER CRANE WITH TANK, Fig. 5077. 

conveys the water supply to the tank, and the swing arm is complete witn va 
gauge to indicate the level of water in the lank. 

r Water Cranes with Tanks, Fig. 5077. 





WATER CRANE WITH SWING ARM.-Fig. 5078 iUusti 
on main line railways and is fitted with copper arm and lealber bose, main 
the driver, flanged bend and foundation bolts. 



API'LEHVS HANDBOOK OF MACHINERY. 
Prices ok Water Cranes, Fig. 5078. 



WATER CRANE WITH COLUMN AND FIXED ARM |noi illusiraied) 
is provided with flexible hose, lop liend and arm. flanged bend at base and foundation bolts. 



£3° .£35 £*<' jS45 



The cost of packing for shipment and delivery f.o. 



INSPECTOR'S TROLLEY with steel frame, garden chair seats, 
rupulsion, staiu-l.e..nb and awning. 


levers f 


To seal 

Price „f irolley 


£l7 


l^ 


£Z7 


6 
^45 



CONTRACTORS WAGONS, PLATELAYERS' TOOLS, TROLLIES, &c. 

; illusirattd and discriWd uink-r iheir re.speelive headings. 
Wheels, axles and axle boxes. — I'hc cusi of ihese will be found at page 126 and 127. 



RAILWAY STATION LIFTING EQUlPMENTS.~The cranes now illusi 

e lai^el)- used on lines of mmnal gauge and are peculiarly suitable for narrow gauge t: 
. well as for Siiving lime anil labour in transferring goods al break of gauge. 



PLATFORM OR SHED CRANES.- 

ine which swings einirdv round, ami has applianci. 
3 or 500 lbs., he;ivier «tiglils l.eiiig lifted by single < 



he engraving Fig. 50S0 represents 
for "whipping" loads ijuickly up v 
double purchale gear. 
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The area of ihe base [s so large that expe 
and height of jib can lie modified lo su' 



required. Both radius 



I'ower of crane tiiiis 

KadiusofjLb . feet 

Price of ciane complete 


lis 




£60 


3 



WHIP CRANES WITH TOP SUPPORT (not illuslraled), 
of lifting gear is similar to that shown in Fig. JoSo but the lop and hoi 
kepi in position by sleel pivots, the former being carried by a roof timber i 

PmcEs OF Wiiip Cranks with top sum'ort. 



The arrangemenl 
nn of the mast are 
other attachment. 



Powetofcrane tons 

Radiusofjib feet 

Price of crane complete 


a 


Hi 


Ho 


& 



The cost of packing for shipment and delivery f.o.b. i; 



It 5 per i 



FIXED YARD OR WHARF CRANES similar in arrangement to Fig. ioS 
are built of all powers from 3 to 40 or 50 tons ; the radius of jili is moditteu 10 suit circumslancc 
but the standaiil proportions are those tabulated. 

The centre post is of hammered scrap iron or steel, keyed in a massive foundation plat' 
and all sizes above 3 Ions have turned roller path and slewing motion, as illvislrated. 



Radius of jib... 

Trice of crane with steel jib 

Extra for gun metal bearings and caps 
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Fig. 5081. Fig. 508Z. 

PERMANENT WAY CRANES up to 5 or 7 tons power are carried on four whee 
and those of litrgei power on six wheels, all being litled wilh springs, axle boxes for uil < 
grease, buffers, spring draw gear, brake, and the accessories for travelling with rolling stock. 

The jib is niade to lower, the position of the counler weight box is adjustable by screi 
and appliances are provided for holding i[ in position whci> travelling. 



Prices 


V Permanent-Way Cra 


■iES. 






Power of crane 

Radius of jib 

Price of crane, complele 
Extra for slewing gear 


feet 


3 
£290 

00 


5 
£350 


1 


4h 


16 



PORTABLE CRANES,— Msny cranes similar to Lhat illnsttated by Fig. 5083, have 
been made for lijjht railways, for which, indeed, ihey were originally designed. The framework 
is principally of steel, and provision is made for the requisite stability, even when working 
on light narrow gauge tracks. 
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Prices of Portable Cranes, Fig. 5083. 



Power of crane 


tons 


, 


2 




, 




6 


Radius of jib 




















'}\ 


«i 


£,'9 


;£l07 


£140 


£160 


Adjusling scre« 




£i 










Rail clips or un 


er-girders ... 


i' 


£' 


Hi 


£1 


U 


d 



FIXED OR PORTABLE GOLIATH CRANES worked by hand, electric, 
or steam power, with metallic or limber frame, usually give satisfactory results where wagons 
can be marshalled on parallel lines of broad and narrow gauge. These arc spanned by a goliatb 
crane, constructed as indicated in Figs. 5008 or 5009, which commands the wagons on both roads 
and effects the transfer with minimum expenditure of power. 

The rolling stock is so easily nnoved to a tixed crane that the travelling motion, which adds 
about 10 per cent to the cost of the crane, is rarely required. 



Prices of fixed 


Hani> Power Goliath Cranes. 




Power of crane 
Span 

Height ,. from rail level ... 
Price with iron frame 
„ timber frame 


feet 


5 'o 
30 30 
14 14 


15 20 
30 30 

/435 £.Si° 


25 

30 
i55o 




i with which the radius 



For transfer purposes the crane is usually placed between the broad and narrow gauge lines 
in a position which renders it available for delivering, for distribution or for transferring. 

If greater length of jib is required it can be provided at an extra cost of about i per cent, 
per fool of extra length. 

Prices of Derrick Cranf.k. Fig. 5084. 



Length of jib ... 
Maximum radius 
Price of hand power c 



12 32 

JC213 jf247 



J 
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STEAM AND ELECTRIC CRANES to fulfil n 
the pieceding pages are illustrated und desciJtKd elsewhere 
detail in Section II. 

TRANSFER OF GOODS AT BREAK OF GAUGE.— Arrangements for 

quickly and economically transferring materials to rolling slock of different gauges ate, of course, 
very diversified, but one or mher of ihe undernamed methods will prolably be found suita.l>le. 

PARALLEL LINES.— One method whereby merchandise, coal, ore, etc. has been 
cheaply and quickly transferred consists in having parallel lines, one at a higher level than the 
other, with a ^oot between the trucks. Since this arrangement was adopted the cost of tran- 
shipment has been reduced by one half, and the time, l)y three fourths of that previously required. 

INTERMEDIATE TRACK.— -Another arrangernent which often answers every 
purpose consists in laying a narrow gauge track of the requiate length between the rails of the 
broad gauge line, so that the opening ends of trucks of tioth gauges can be brought close tt^ether, 
which admits of even heaw and bulky packages being easily transhipped- 

But neither of the last mentioned arrangements will probably be quite so satisfactory as 
the mechanical appliances referred to in the foregoing pages. 



ACCIDENT CRANES AND EQUIPMENTS. 

ACCIDENT CRANES AND TRAINS. -Several circumstances, such as the 
length of line, sparseness (or otherwise) of population in its lidnity, the use of the crane f..r 
other purposes, and so forth, need to be taken int<i account, when the kind of crane and 
the completeness of equipment for an accident train is under consideration. 

Etiuipments suitable for a short line, or for one passing Ihrough districts where assistance 
of all kinds is quickly at hand, will evidently Ite insufficient for a main Tine where the conditions are 
reversed, and where everything required for re-irslaling the road for traffic— including toiiliL, 
labour, a supply of food, and even firsl-aid appliances and some comforts for those who have 
been injured— must be lu'ought from a main station. 

Types of cranes.— -The earlier permanent-way cranes were usually ol S or lo tons power, 
worked by hand, and many of these are still required for innumerable purposes where plerity iif 
labour is available and great speed is not essential ; for engravings and descriptions of the^e 
seepage III and pages 79 and 80, Section II. 

The recent practice, however, is lo provide steam cranes of 10, 15 or even jo tons power, 
of the horizontal type illustrated by Figs. 5036 and 5085 (invented and patented by the writer! 
which afford the driver imimpeded view of his work, the et^gines and gear being so arranged 
that the crane is easily worked by one man. Cranes of vertical constniction frequently re(|uire 
a " look-out " man, beside the driver, and are scarcely so convenient as those of the newer and 
improved design. 

Relative advantages of hand and steam cranes. A permanent-way hand crane, costs 
about half as much as a steam crane of equal lifting power, and il can, of course, be worked by 
quite unskilled men. 

A steam crane, on the other hand, driven by one man will get through fer more work 
than can lie done in the same lime by lo men working with hand-power cranes. The hand 
crane, therefore, is perfectly satisfactory where great -peed is of little or no importance, the 
steam crane being essential when these conditions are reversed. 
A steun crane of I^ tons power is usually equal 

connection with accident trains, and is prolwbly ihe 1 

and the other duties mentioned further on. 

Two, or more of these cranes can usually be em])loyed, with advantage, at main stations, 
or at each of the terminal stations, and— the crane power being concetttrated at any point where 
it is required — ^the time occupied in clearing am! re-instating the line, even aSter a serious 
accident is greatly diminished. See also remarks at p.ige Z03 to jio on " renewals." 

The cranes being usu.illy employed in the goods yards, repairing shops, or elsewhere, 
are instantly available for despatch with the vehicles fomiing the accident train. 
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Wagons, tools and accessories. — The following spedficHiion, adopted by a 
Engineer for service on an important main line which he so ably controls, has been kindly 
placed at the writer's disposal, and— being mnch the most complete he has seen — it afTords data 
for the selection of materials required for the equipment of accident trains suitable for lines, 
differing from this in extent and local conditions. The train consists of ;— 

A locomotiTe steam crane of 15 tons power, with gear to travel at a speed of 3 to 4 
miles per hour, and with fittings for hauling trucks and for detaching the travelling motion, 
leaving the axles free when the crane is hauled by locomotive. 

The radius of the jib is adjusted by sleam power and the jib is lowered for travelling as 
indicated in the engraving. The undercarriage is complete with all fittings to correspond 
with other rolling stock, and the overall dimensions conform with the standards for vehicles. 

A sbc-wheeted wagon (or " protector " truck), has falling sides and bolster for suppor- 
ting the crane jib when travelling. This wagon also carries the tackle first required, as hereafter 

A six-wheeled covered Wl^on(" Box car"), 30-feet long, has a compartment at one end 
for accomodatiiig the staff, the rest of the wagon forming a tool van for the storage of tools and 
appliances specined below. 

A six-wheeled penuRnent wray wagon with folding sides, carrying a supply of rails, etc. 
for making up roads. 

Equipment for articles in toot van :— 

Two 30-tons lifting and traversing hydraulic jacks. 



Two 6-tons and two 12-tons bottle jacks. 
Onejim crow. 
Two pails. 
One watering can. 
Two plugging hammers. 
One dozen hand lamps. 
A complete set of side and tail lamps- 
One dozen torch lamps and spare wicks for same- 
Cans for lamp oil and petroleum. 

A set of fitter's tools with appliances for disconnecting tenders and motion! 
One bench vice. 

A set of gimlets and augers, from ^ -in. to i-tn. 
Chisels, gouges, screw-drivers, carpenter's hammers, adze, axe, two long ci 

two hand saws, and a wheel gauge. 
A rail gauge. 

Two shifting spanners ; a pair of strong cutting pliers. 
Steel spanners from |-in. to 3i-in. 
Drifts i-in. to I-in. 
Engine following board. 
Supply of asbestos for jointing. 
Six portable seats. 
Coal and oil bunkers under floor. 

Locker on side of van :— 

Fitted with writing desk, stationery, rule-book, time-tables, etc. 
Locker on side of van with small drawers, containing : — 

Cup leathers, syphon wire and wool, gauge-glasses, atid washers for crane 
A 66-ft. steel tape. 
Supply of flax and packing- 
Supply of f(^-signals and flags- 
Supply of first-aid appliances. 
Also wash basin, brush and comb, mirror, clothes brush, water lifter for filling 

In compartment at end :— 

Twelve portable seat cushions. 
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In locker under floor :— 

Twelve shovels, two picks, tope and spur yarn. 

Three sheave rope blocks for slewing engines, assisting crane, etc. 

Nails, bolls, and wood screws. 

24-ft. of J-in. hose tor water lifter. 
In protector wagon. 

Three engine lifting bars and four 20-ft. lengths of Jin. dra^ng chain. 

Two jo-fl. lengths of j-in. chain with hook a,t one end and ring at the other. 

Two 20-ft. lengths of |-in. chain with hook and ring as almve. 

One 30-ft. length of |-in. chain. 

One 30-fl. length of l-in. chain. 

One four-branch sling, j-in. link, Ij-fl. long, for lifting wagons. 

Two two-branch sling, l-in. link, 15-ft. long, for lifting engines. 

One two-branch sling, j-in. link, is-ft, long, for lifting girders. 

One two-branch sling. |-in. link, 15-ft. long. 

One two-hranch sling, J-in. link, lo-ft. long. 

One Wells' portable light. 

Four wagon ramps. 

Four tender ramps. 

Three single anchors. 

Two transverse girders for blocking up crnne. 

One yoke for lifting carriages. 

One yoke for lifting boilers. 

A supply of hooks and links for dragging purposes. 

Two large and two small pinch bars. 

One axle clip for secaring a broken axle. 

A supply of engine and tender couplings. 

Three grease boxes, timber packit^, &c. 

Three sheaves, l8-in. diameter, with large shackles and pins. 

One dozen screw couplings. 

One dog for lifting timber. 
Tm> boxes at end of wason containitig : — 

Two four-gallon cans of petroleum for torches, and JO-lbs. of tallow, the other beir^ 

used for spare ropes. 
In permanent-way wagon :^ 

Two rails, 19-feet long. A qua 
24 feet — as required. 
Cooking and other utensils in cot 



Lity of shor 









One ci 



:ular 



One cofiee kettle and strainer 
One tin coffee heater, with spout 
One boiling pan 
One enamelled tea pot 
One filter 
One coffee mill 
One dozen breakfast knives 
One dozen breakfast forks 
One dozen large spoons 
One dozen small spoons 
Prorisions and Wines: — 
iS-gallon cask of stout 
One dozen whisky 
One Ijottle brandy 
One liox of red herrings 
56-lts. cask Huntley & I'almer's 

luncheon biscuits 
One dozen cheeses 



Two dozen enamelled drinking jugs 

One dozen enamelled soup basins 

One dozen enamelled small plates 

One dozen tumblers 

One dozen glasses 

Half dozen towels 

Half dozen sponge cloths 

One dozen tin basins 

One coffee tin (14-lbs.) 

One sugar box (2S-lbs.) 

One tin box opener 

One bar of soap 

Condensed milk 

One dozen boxes sardines 

1 4- lbs. coffee 



The approximate cost of 

with protector truck, the permanent way 



in, including the 1 5-tons locomotive steam crar 
wagon for rails etc. and the tool van with fittings a 
lecihed, is aliout ... ... ... AAfi 
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The tocoraotive and peniuraent w»j materials being ai hand in ordinary service, are 

not included in the foregoing estiinate. 

The crane and driver as already indicated are only temporarily diverted from their 
ordinary employment. 

First-aid appliances. — The following specification of a more complete equipment than i^ 
usually provided may be useful as a reserie supply, or in case of a severe accident. 

One set of Liston splints, one set Clive's leg splints, two sets of lined splints, one Lawrence 
cradle and splint, three dozen bandages each 2j and 3 inch, two dozen triangular and one dozen 
Rngei bandages, 2-11)S. marine lint and 2-lbs. wool, 3-lbs. Alamhroth wool in tins, 2-dozen 
yards gauze, medicine chest with 16-oz. bottles Carron oil, lo-oz. spirit ammonia, 16.0Z. braiidv, 
four india nibhcr tourniquets, one pair dressing and one pair spring forceps, housewife, fitted, lint 
scissors, two horn measures graduated, three pieces of sponge, six arm slings, three pairs of 
crutches, one dozen eye shades, box of safety pins, six enamelled dres«ng bowls, large box fm 

TTie total cost of this equipment is about ... ... ... ... ^10 

To the foregoing may be added two stretchers about 70/- each, carrying chair about 60/.. 
two air-beds about /6 and sis pillows about 2/6 each. 

Another epuipment of first-aid appliances consists of a haversack containing a. useful 
supply of first-aid appliances, instruments and restoratives, an ambulance basket and strelchcr- 

The cost of these is about ... ... ... ... ... £11 10. 



CONTRACTORS' PLANT. 

which is not mentioned in the present volume will be found 
d Sections ot tt' 
Section I. 

Portable engines and other motors, boilers, Kc. 
Section H. 

Cranes, winches, winding and hauling plant, bloclcs and falls, chains, slings, 
wire and hemp rope, differential bloclcs and chains, hjdraulic and 

Sectfon hi. 

Pumps and pumping; machinery, contractors' pumps, tube well pumps, pipes, 

tubes and accessories. 

Plant and stores for extensive works (pages 10 to 23). 

Iron and wood working machinery and toots. Stocks, diee, and taps. 
vices, fitters' tools, carpenters' tools, saws, flies, cremps, drills, glass 
and emery paper and cloth. 
Bolts, nuis, and washers. Rubber and asbestos packings. Iron, steel and 
copper bars, plates, and sections. Soldering and brazing materials 
and tools. 
Section VI. 

Brick, tile and pipe making; plant Disintegrators. Appliances for ^va'.er 
distillation. 
SELECTION OF PLANT.— This is influenced by man^f conditions, such as niagn;- 
tude of works and time allowed for iheir completion, local habits and resources, ultimate 
disposal of plant, and so forth. 

A point also worth tiill consideration is, the extent to which mechanical appliances can \k 
used in lieu or in aid, of animal and manual lalxiur, which in some cases, is found to be quick 
enough, and (including the cost of skilled lalioui) cheaper than steam power. 

In either case the approximate ciH>t of suitable appliances can be obtained from the sources 
indicated aljove and from the folli'^ing paces. A very complete schedule of plant and stores 
will be found at pages 10 lo 23 of Section Iv. 



Al'I'LEBV'S HANDBOOK OF MACHINEKY. 



CAMP EQUIPMENTS.— It is scarcely within the scope of this volume to enter into 
details relating to equipniciits of huts or tents, furniture and utensils, stores of provisions, elc- 
for prospecting or surveying expeditions, advance working camps, elc. These are usually 
preimred under the superviaon of the chief of the staff, but if information on these matters is 
required, it can be ohtained if details are furnished as to the nuniher to he provided for durii^ a. 
j^iven time, nature of climate and country, facilities for transport and so forth. 



MEDICAL STORES.— It seems 
should ever be omitted when expeditions a 
so is it that " lirsl aid appliances" should n< 
staff hiving some training in their use. 



iingular that these (which cosi only a few pounds) 
: unaccompanied hy a medical man, and still more 
I alwiy^ be providwi, one or more members of the 



WATER SUPPLY.— The importance of an ample supply of wholesome water for 
surveying, construction or mining camps, can scarcely be over-estimated, and it can usually be 
obtained by putting down tube wells. These are referred to at page 196. 

An excellent example of this is found in an important exploration and surveying expedition 
(equipped by the writer) where scarcity of water was expected to present serious difficulties, and 
would have done so if the undernamed system had not been adopted. 

The appliances for water supply consisted of two sets of apparatus for putting down tube 
wells, and for withdrawing them for use in another camp, the location of camps having been 
(appro.\imately) determined. The mode of operation Is described in Section III, of this series 

" The tube well staff were natives and the requisite number were sent in advance, with 
tube driving apparatus, to provide water supply for the next camp. The rest of the staff remained 
with the camp, and when it was broken up, the pumps, tubes, etc. were withdrawn for 
further use." 



<1 dies will be found b 



Prices ok pui'i.tiX Vos 


:hin 


Bears 


Fn-,. 5086. 






Diameter of hole punched ... inch 


i 


i ^ 


S 13 


i " 


1 


Thickness of plate punched 


i 


1 § 


i i 


1 £ 


i i 


Depth of gap from centre of punch ,, 


li 


1 '1 






! 2i 


Price of tool complete 


£31 


^Ua'O 


h £61 


U«o. 


^-5'S 


Extra round punch and die, i to i inch ... 




4/- 


4/6 I 4/6 


5/- 


5/- 


., A to I inch „, 




5r 


6/- 1 6/- 


6/6 


! 1'- 


Approximate weight ... ... lbs. 


23 


40 


65 ! «5 


, 130 
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Prices of Screw Punching Bear, Tic. 5087. 



Diameter of hole punched ... 


inch 






+1 


T 




Thickness of plate punched ... 




i 










Depth of gap from centre of punch 




n 


MS 


2k 


24 












9A' 






Price of tool with ralchel lever 












Price of round punch and die, i to i in 


ch 






4/6 








ch 








6/6 




Approximate weight 


lbs. 


23 


3S 


56 


85 





■I packing for shipment and delivery f,o,b. is about S per i 



HYDRAULIC PUNCHING BEAR.— Fig. 5088 represents an open moi 
IS jrenerally used for punching bars and ordinary sections. 

The body, ram and plunger are of foiled sleel, the pump is in gun-metal, and \ 
oniiilele with wrought iron support, wrought iron hand lever and pump wrench, and o 
nd die. 

Extra punches and dies can he obtained at the following tabulated prices. 

I'KICE.S OK HVIIRAUI.IC PUNCHINC BEARS, Fig. 5088. 



Diameter ofhole punched... inch | J 


{3 


, 


1* 






Thicki.e.s.s, if metal ... ,. i 


s 




« 






I>eplh of gap from centreof pump ,. ij 
Price of tool complete —'£7 "> 


a 


^10 ,0 


/.7 in 


£21 


a', 


I'xtra roun<l punch and die inch j s/6 


6/- 


7/- 


7/6 




10/- 


„ o%-al or square „ ,. 1 1/- 




14/- 


iS/- 


.s/- 


20/- 


Approximale weighl ... lbs. 71 


90 


125 




340 
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ns) to be punched, bpecimi 



; Mouth Hvdkauli 



Diamcler of hole punched ... ... .. inch 

Thicknessof section ... ... ... „ 

Price of tool complete ., 

Extra round punch and die ... ... ... inch 




71- 


IS- 


■1 

10/- 
20/- 



The cost of packing for shipmenl and delivery f.o.b. is about s per ci 



HYDRAULIC TRAM RAIL BENDER.— The body of the machine represented 
by Fig. S089 is "f forged iron or steel and mounted on three wheels for facility in moving to ils 
work, the pump ram is steel and the pump of hard gun-metal. 

The frame is made to suit the rail, a specimen or drawing of which should be furnished. 
PmcEs ov HviiRAULic Tram Rail Bendrku, Fig. 5089. 



To bend steel tram rails weighing 
Span inside the frames . . . 
Price of machine 



?S 



It and delivery f o.b. is 5 per c< 

ENDING MACH 

I Machini , ^ , ,,=-.. 

-steel rails of any section within the weights specified, specim 
\v supplied of the section to be bent. 

Prices ok Hydraulic Rail Benhk) 



Weight of steel rail 


lis. per yard 


45 


6S 


7S 


90 






55 


75 








... inches 










Price of machine ... 




/ft 


/Sto 


f.Ol^ 


/,1D 


Approximate weight 


lbs. 


103 


105 







J 
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I Crowr,) — The foregoing remarks 



I'klL 


.s av S.Rr 


V Ra 


[. Bkn 


IRKS, Fig. 5091. 






Weight of sltd tail 


ll>s. p.. 


~ 


16 


- ! 45 


fi5 


75 


90 


irxnruil 








30 j 55 


75 


«5 




.S]»n inside ihv frame 


'.". 


,chc4 




16 i 20 


a4 


24 


24 


Diameter of srrew 








2 1 2j 


2i 


2; 


a} 


liiceofirachine 






£23 


£2 ,o\£i 10 


£s 


ji" 


/? 


Appioximate weight 




ihs! 


45 


66 1 ,00 


140 


160 


186 
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l-iy. 5092. 

PORTABLE RAIL STRAIGHTENER.— The itolley which carries the straighi«iK-r 
i.-i liuilt of tinilier as shown in Fig. Jogi, and mounled on four flanged travelling wheels 10 suil 
the gauge of Irack. A seclion of the rails to be straightened should ]ie provided so that Ihc 
sole plate may be made to fit il. The trolley can he built of rolled steel sections, the co.sl iieing 
somewhat increased. 



I'R 



; Rah, Stkai 



- 5092. 



Suitable for iron rai 

I'rice of straLghtene 

„ ironwork o 



£9 
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NARROW GAUGE TROLLEYS ( 

lelre) gauge. 

Prices ar Pi.ate-Lave 



Dsl praclically the same as those for 3-ft. 3j-ii 
s Trcillevs, Fir.. 5093. 



Gauge of rails 


feel 


/A 




Price of trolley, heavy type ... 




/6 10 








£s 4 


ironwork only, heavy type 






£6 3 


light lype 




i3 .0 


M '8 



Kig- 5094- Hg- 5095- 

HAND POWER CRABS.— The engraving Fig. 5094 represents a powerful treble 
purchase crab, and Fig. 5095 a double purchase crab of usual power. Both have wrought iron 
or sleel plate side frames firmly connected by stay bolls, and filled with screw or lever brake, 
as seen in Ibe engravings. 






E Crabs, Fig. 5094. 



e usually preferred 



Lifting power direcl from barrel tons 
,, with Zand 3slieave blocks ,, 
Circumference of rope coiled inches 
Length of rope coiled ... feci 
Approximate price of criili ... 


3 
IS 

k 


4 5 

£50 j iTss 


6 


8 
40 

k 



lAsK Crars, Fig. S09S' 



Lifting power direct frr 


m imrrel cwls. 


.6 


20 




16 


48 


60 




„ wilh 2 >V; 3 sbe- 


ve blocks, tuns 
















Lenglh of barrel-.. 




16 












26 


i'rice of Crab with lev 


r brake 


/6 


/■fi TO 


/« 


/Q 


/.oir 


A^Tf 


OSK- 


Kxlra f..r .screw brake 






2«/- 


2«/- 


W/- 


1^'- 








sbing 






20;- 




24/- 


3'/- 


3S/- 
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Prices ov Sin<;i,e Purchase Crabs, Fig. 5095. 



Lifting power direct ft'o 
r^ngth of barrel 
Price of crah wilh leve 
Kxlra for screw l>ralie 


n> barrel 
brake 


,.. inches. 


R 

6/- 
12/6 


'S 
£4 "o 

7/- 
12/6 


16 

16 

il 

13,« 


18 

£6 

10/- 
■5/6 







DOUBLE PURCHASE CRABS FOR ROPE are constructed as shown in 
!■''£■ S09S> '>"* '''6 barrels have the diameter requisite for coiling flexible sleel wire or hemp rope 
wilhoul loo greal lorsion, and with gear for lifting the load specilied. 



Lifting power direct from barrel ... cwts. 


R 


T2 


18 


M 






Lifting power, 2 and 3 sheave blocks tons 










7* 




>j 


'i 


'i 




2i 


=1 


Length of tope feet 


A 


70 


'A 


75 


s! 




Price ofcrab wilh lever brake 


























Extra for gun-metal bushing 


.8/- 


20/- 


"1- 


34/- 


37/- 


40;- 



HYDRAULIC AND SCREW JACKS, 



HYDRAULIC SHIP JACKS are invaluable for lifting great weights. Mg. 5096 
represents them as usually made, Gul they are capable of modification, only one example of which 
is illustrated here, but a special application of this system is illustrated and described at page 205. 



Lifting power ... tons 


12 




35 


SO 


70 


100 


150 200 


Height when down inches 












'3 


13 iJ 


Stroke of ram ... 


6 


6 


6 


6 


6 






Price of jack ... 


£5 


/;sn 


/,7io 


/.9 <. 


/.i^ 


/.■■O 


^22 to £26 10 


Approximate weight lbs. 


95 1 -00 


'35 






390 


530 j 620 



The test load is 35 per cent, mo 
The cost of packing fi^r shipment a 



• than the lifting pow< 
d delivery To. b. is al 
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Fig. 5097. 

HYDRAULIC JACKS, Fig. 5097. are issisii 10 25 pe 
specified, and it can he lifted \>y the head ot projecting foot of jack 

I'lucEs OK HyuRAi'iic LiKTiNr. Jacks, Fig. 5097. 



Kif. 5098. 
25 per rent, iimre than the load 



l-ifling power tons | 4 


6 K 


TO 


., 


20 


30 4c 50 . 60 


Height whendown in. ] 23 


24 


26 


27 




28 


29 29 29 29 


.Stroke of ram „ 10 














l-rice of jack .„ £3 IS 


/I 


W" 


II 


/6 


/.6 K. 


Cl 10 /:9';Cloio ^12 10 


Approx. weii;ht ll«. S^ 


08 


n 


'OS 


■JO 


■ 65 220: 260 33i 



HYDRAULIC TRAVERSING JACKS a 



I'KKKS 


OF HVl) 


Av:.. 


Li 


■TfM; ANT. Tb 


AVEKSl 


ST. .[AC 


.s. 




I.ifiirs power t< 


1-. 4 


6 


8 


TO T5 1 20 


30 


1 4^ 


■io 


60 


HiiulituhciKlijwn i 




































Traverse ..f jack 


61 














IS 




. />.S 


Al 


/7 


Cl 10 £.<i £, 


y.HT 


^'/;.s. 


■^20 


£22,0 


Approx. «einh, 1 


'^^ , 95 


105 


i[2| 130 |,65 2J 


1 ..^ 


1 J4i 


|49" 


565 



TRAVERSING SCREW JACKS. 



■ .■«■ JAC 



■ motinled on a malkablc i 
4, Fig. 509S. 



Lidinj; power L.n.s 
Height «h.n down ... ii.Hus 
Traverse of jack ... 
IVireofjack 


L 


8 


Ft 


IS 

it'is 


2J 
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PRlt 


ES or 


Tkipoi 


SURE 


V Jack 


s. 








Liftine power 


tons 


J 


4 


6 


8 




12 


15 


Height when down 


inches 




"S 










23 


Price of jack, Fig. 32 




12/- 


Ifl/- 




12/- 


40/- 


45/- 




„ wilh ratchet 




ib/- 


^3/- 


33/- 


3S/- 


46/- 


53/- 


68/- 



WHEELS, AXLES, AND AXLE BOXES.-The followmg details relating to 
these materials will l>e Uhcful when renewals are required, and for estimating the cost of such 
fittings for trucks huill to carry. 



Fig. 5099. 



Fie- SIC 



CHILLED CAST IRON WHEELS are made of specially tough metal and 
chilled on the tread and flange, which makes these surfaces harder than steel and capable of 
resisting wear during long periods of eonslanl service. 

The following prices of a few of the sizes made include horing to fit the axle, facing, and 



I'R 



[' Chei. 



( W[lEEl,s, Figs, 5099 and 5 



Diameter of wheels ... inches 
Load for four wheels .... tons 
Price for four wheels 


8 

1,- 


9 

9/6 


i 


T 
.0/6 


•I 


.1 


14/- 


Diameter of wheels ... inches 
Load for four wheels ... ions 
I'rice for four wheels 


16/6 


2i 

20/- 


14 1 [4 

li i 2i 
19/6 1 24/6 


'5 
30/- 


16 


16 

33/- 


Diameter of wheels ... inches 
Load for four wheels ,,. ions 
Price for four wheels 


18 


18 


/2 isL^S'S 


I 


24 

6 

£5 


t 
» 



CHILLED CAST-IRON TRAM CAR WHEELS of the sam, 

Price per set of four wheels, 2-rt. diameter 



£4 5-- <-.!, 



IS7 
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AXLES AND AXLE BOXES.— The axles are of mild sieel, turned lo suit the 
Iwarings in the axle boxes and the bosses of the wheels. 

TTie prices are for one pair of axles (two) and include keys lo secure them in the wheels. 

Axle boxes.— The prices are for a set of (four) boxes of the types in general use, ready 
for bolting to the undcrframes of rolling stock of any gauge. 

I'RicEs OF Axles for LtiiHT Rolling Stock. 



Load on two axles 
Price per pair up to 2 


3-in. gauge ... . 6/9 
30-in. gauge 7/9 


8/- 
9/3 


k 


2i 
10/6 

12/- 


3 

11/6 
13/6 


14/- 
16/9 


20/6 


Load on two axles 
Price per pair 30-in. 
., 3-ft. 6- 


3-ft. 6-in. gauge ... 
n. tu 4-fl. 3-in. gauge 


.2/9 


i 


19/- 


3 


19/9 
24/3 


it 



Prices ok Axle Bo.xes ko 


E LidHT Rolling 


Stock, 






Load on two axles ... tons 




J 


^ 






ll 


^ 


. 


Price for four plain bearings... 


2/Q 


V4 


4h 


4/<» 


s/o 


b/- 


7/0 


0/- 


Price for four plain bearings, 


















with grease boMes 


'■lo 


71- 


7h 


7/0 


9/9 


lo/o 


1./6 


n/o 


Price for 4 bearings with grease 


















boxes, brasses, springs & horns 


22/3 


29/6 


34/0 


37/0 


4^/0 


45/- 


5./- 


57/9 



The. 



;t of pocking for shipment and delivery f.o.b. is about s per ci 



" STROUDLEY " RAMPS for replacing derailed rolling stock are made in sets of 
four (two right and two left hand) ajid in the four sizes required for handling the under -named 
rolling stock. 

For l^ht railways, weight 14 lbs. each ... price £* 5^' P^r set. 
For ordinary trucks, ,, 92 lbs. „ ,, £S os. „ 

For heavy wagons, ,, 140 lbs. ,. ,,. ,, j£i3 ijs. ,, 

For locomotives, „ 170 lbs. „ ... ,, ^19 tos. ,, 



DOUBLE RAMPS serve the same purpose s 
used for either righl or left hand. 

The price per pair for ordinary wagons is £6 15s, ; for loi 
The weig^bt of each is respectively about 13S lbs. and 260 



those last named, but they c 



CONTRACTORS' STORES AND TOOLS. 

be sent out will, naturaJly, be largely influenced by the 
n the lacilities for obtaining supplies locally. 

It will very rarely \>e necessary to provide quantities so large or so varied as those mentioned 
al pages 17 to 24 of Section IV., but probably time and money will be saved if some, at least, 
of the under-named stores are sent out for commencement of operations. 

Packinif in ihe manner most suitable for the climate, means of transport and enconomical 
use of stores is a matter which by no means alvrays receives the attention it deserves, inconveni- 
ence and loss lieing incurred by insufhcient protection, sending out heavy casks or bags of 
materials which ought to be packed in small metallic kegs, or even sub-mvided into smaller 
drums, and so forth. This involves some extra, but quite msignificant, expense compared with 
the ultimate saving. 
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SlumtitieB.— No attempt is made lo indicate ihc quanlilies of any of the stores to be 
ed, these evidently varying so widely that they can only be settled by the official in charge, 
or by reference to equipments which have been Sdpplied for works of similar character and extent. 
Sources of information. — Uata relating to most of these stores and tools, which are not 
specifically dealt with in this volume, will be found in other volumes of this series as indicated 
at page 1 17. 

The following list looks formidable, Inil the outlay involved is usually an unimportant item 
in the total cost of plant. 

METALLIC STORES.~These consist principally of ;— 

Iron. — Flat, round and square bars, some plate, sheet and hoop iron, and perhaps 

some L, T and H sections. 
Cast steel. — Oclagon, square, round and flat bars. 
Double shesr steel for steeling purposes. 
Copper and brass in sheets, bars, wire and gauze. 
Lead in sheet, wire, and perhap some tubes. 
Tin, assorted sheets, block tin and materials for soldering. 
Wroug'ht iron tubes and connections. 
MISCELLANEOUS STORES.— These will probably comprise:— 
Bolts, nuts, bolt ends and washers of useful sizes. 
Nails, wood screws and coach screws. 
Rivets, iron and copper, and rivetting tools- 
Steel and iron wire, copper, brass and lead wire. 
White and red lead, boiled oil, linseed oil. 
Paints, turpentine, dryers, brushes and cans. 
Asbestos and rubber sheets, rings, or other packings. 
Lubricating; oils, grease, waste, spun yarn. 
Kerosine, large and small lamps, wicks, etc. 
Oil cooking stoves and utensils. 
Hand power crabs or winches. 
Screw or hjdraulic jacks. 
Best tested chain, blocks, hooks, slings, etc 
Differential blocks (self-sustaining). 
Ropes and rope blocks. 

Galvanized com^^ated iron, bolts, etc. 

Roofing felt and pitch. 

Portland cement, bitumen, etc. 

Contractor's pumps and accessories. 

Tube well pimips and tube driving gear. 

Emery and glass cloth, emery powder. 

Locks, bolts, binges, ha.sps, latches and similar fillings. 

Drawing and other instruments, and replace parts. 

Soldering tools and materials. 

Sheet glass, glazier's diamond, glazier's tools and materials. 
TOOLS. — In addition to those mentioned in the preceding and following pages, for the 
most part with prices, a supply of files and small hand tools, hand saws, frame and crosii cut saws 
and, probably some carpenter's tools will be required, also tools for pipe screwing and laying. 

Machine tools.— The last remark may often be made with reference to a small equipment 
of latbes, punching and shearing, drilling, and even a shaping machine for the smith's shop, a 
circular saw bench, or general joiner, a boring and mortising machine, etc is often found 
invaluable in (he carpenter's shop. 
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Different cuunlries employ different tools, but those now referred to by their respecliv 
numlicrs nnd generally inilioaled in the engraving Fig. 5101, are such as are used in the be: 
pmclice of English speaking nations. 

BLACKSMITHS' TOOLS.-A set which often suffices for ordinary repairs t 

A steel -fiice<l anvil weighing about 3^ ctvt. 

8 each tii|) and iHillnm swages Il6inall), sizes J I H I iH J 2^ inc^. 

1 botliim or anvil fuller, I lop fuller, I flatter. 

2 snap tools (hand and rod), 2 hoi sets for rod and anWl, [ steel cold set. 

1 sjuare faceii set hammer, steel rod punches (3 sizes). 
Xut mandrils (4 sizes), 2 hand [Minches. 

Round rod punohts (3 sizes), s(|uan; rod punches {J siies). 

2 bolt forging tools (four sizes), I sledge hammer (l4-lbs.:, I flowing haniintr (7-lh.) 
4 pairs round- nicnithcd and 4 mirs open-miiulhed tongs, different sizes. 
4 pairs closr-nioglhcd longs, differenl siies. nnd pair smiths' pliers. 



2 pairs 



t of the above-tuuned tools is 
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iiially weigh 
about 14/- per ewi. A generally useful 
nvils and swage blocks weigh about ij to z cwt. and 
TUE IRON WITH CISTERN (Fig 5.01, No. 36) 






34/- 



53/- 



PORTABLE VICE BENCHES (Fig. 5101, No. 22, 

solid box vice. 

Pricks of Portable Vice Benl-i 



. 4^ '° ks 7 



/3 '5 ! ^'4 o 
£a '5 ^5 '7 



SMITH S FORGES, BLOWERS, FANS, BELLOWS, etc. (see Section IV. 
pi^es 159 to 164. 

GRINDSTONE AND FRAME —The grindstone spindle is fitted with handle and 
pulley, and is carried in bearings fixed on an iron frame which forms a trough. 

They are made in all sizes from 18-in. by 3-in. (size of stone) to about 4S-in. by lo-in. ; 
the sizes above 30-in. diam :ler are usually fitted with pulley for driving by belt. 





Prices 


F Grini 


STON-ES 


Ni) Troughs. 






Diameter of 
Thickness 
Price of slon 


with frame and ac 


cessories 




18 
.£2*5 


24 

4 

£1 '5 


26 
^4" 5 


30 



PRICES OF TOOLS (Fir.. 5101). 
BLACKSMITHS' TOOLS (No. 1 to 6), price about :/- per lb. 



and i-in., 
lier lb. 

DOUBLE END SPANNERS (No. 14). are made in all sizes, from Sin. long wif.i 
linds }-in. and "rj-in., to M-'m. long with ends ijin- and 2-in., the under-named being 
generally useful .sizes. The wrought-iron spanners with case-hardened bright faces are the most 
-satisfactory, but Ihe stamped steel spanners may answer every purpose for occasional or 
light work. 



Length 






inches 


10 


'3i 


iS 


20 




<ls 














Wrought 




ise hardened faces 




2/10 


3/9 


5/- 


7/- 


Stam^ 


teel 




W dozen 


13/6 


26/6 




47/6 
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SCREW WRENCHES (No. 17), 
6-in. long. 


ire made 


with single or dou 


ble bar. and 6-in. 


tc 


Length inches 

Single bar (No, 17).,. price each 
Double bar wrench... ... ,, 


5/6 


8 

2/10 
S/9 


io 


12 1 14 

4/6 1 5/3 
7/6 , 10/- 




ADJUSTABLE (BUDDING) SPANNER (No. ig). 




Length ... ... ... inches 

Rai^e of span 

I-riceeach 


6 

5/- 


S 
■i 

5/6 


713 


1 


9/9 




CLYBURN ADJUSTABLE SPANNERS are made from 6 to 24 inches long, 
he spans ranging from g in. to ij in. 


Length ... ... inches 

Kangeofspan 
I'rice of spanner ... 


6 

4/3 


8 


6/6 


I 


IS 





FITTER'S BRIGHT WROUGHT IRON BRACE (No. 16), price 6/6 < 
SLEDGE HAMMERS (Nos. 2j and 26), price 6d. per Ih. 

Ash handles cost 3/9 lo 6/6 per dozen. 

Hickor? bandies cost 5/6 to 7/6 per doien. 
RIVETTER'S STEEL HAMMERS, snaps, etc. cost lod. (o i/- per lb. 
ENGINEER'S STEEL HAMMERS (Nos. 29, 30 and 31.) 



Weight each ... lbs. 
Price per dozen 


.1 


n% 


''si- 


;h- 


S/- 


4i- 



The price of hammers 2j to 4 Ihs. weight is lod. to l/- per lb. 

Ash bandies cost 2/6 to 4/6 per dozen. 

Hickory handles cost 3/- to 5/6 pet draen. 
RATCHET BRACES (No. iS). 





... inches 


12 






18 


20 


22 


To drill lip K 
























.6/- 


iS/- 




22/- 




ential brace ... 


!6/6 


18/- 


19/6 


21/6 


23/- 


26/6 



CAST STEEL DRILLS (No. 12) for ratchet h 



Drills up to inches 1 

I'rice per dozen alK,iil 12/- 


■'.?/-■' 


■ir 



DRILLING AND BORING MACHINES sec Section IV. pages 43 to 58. 
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SCREW STOCKS AND DIES. Various types of these tools are illustraitd and 
described in Section IV, of this series, and the undernamed are abstracted as being usually 
sufficient for preliminary or temporary repair shops. 

The prices include the stocks, with dies and taps for bolts and nuts of the sizes mentjuned ; 
the advant^e of having Master taps is, that worn or broken taps can be replaced, on the spot, 
by any good blacksmith. 



To screw and tap 




with tafMt 


with taper, aod plug 


A J A 


» in* 


to 


£i s 


i A i 


t 


;tJ 


£3 3 


A » H 


} 


fC' 13 


U 6 


J i 1 


il ,. 


/3 16 


a s 


'i H ■! 


i! -. 


£$ 13 


(.<> 6 


■S .J .1 




£,„ 10 


^17 6 



A SET OF SCREW STOCKS, &c. IN CASE containing two sets 
with dies and plug and taper taps for bolls and nuts J to J-inch diameter costs j£l6. 
If with taper, ind, Plug and Master tap, the price is /'13. 



I id. per lb, and the weights are : 
:e is \A. pet lb. and the weights . 



CARPENTERS' ADZES (No. 28). 










No 

The price each is 


ll- 


k 


h 


4 
3/9 



AXE HANDLES. 



Length ... ... inches 18 21 24 






Best ash, straight . . per dozen 3/3 3/9 4/6 


5/6 


8/- 


Beat ash, bent ... „ 3/8 4/3 5/3 




8/9 


Hickory, American pattern, 36 inches long, 9/6 per doien. 






Carpenters' Adze handles, Ash, 30 inches long, 7/6 per dozen. 







MORTISING AND BORING MACHINE.— A machine worked by hand-power 
and capable of culling a mortise to any depth up to 6 inches, and to take in timber up to 
8 inches wide, often saves much lime and labour in wood-working. 

The price of the machine with 8 mortising chisels \ inch to i inch, a core driver, 
boring apparatus with 3 steel drill-f for iron and 3 augers for wood, is ... ^^14 tos. 

If ^thout boring apparatus, drills and augers, the price is ... ,^13 5s. 



WOOD-WORKING MACHINERY, SAW BENCHES, . 

ges 99 to 119. 

GRAVEL OR NAVVY SHOVELS (Fig. jtoi. No. zo). 



: Sectioi 



Size No 

I'rice per iloren 


M/- 14)9 


15*6 


2f/3 


', 

=;;- 



J APPLEBY'S HANDBOOK OF MACIIIXERV. 

GRAFTING TOOLS (No. 2i). 



Lenglh of blade inches 12 

Piice per dozen ... ... ... ... ... 25/^ 


i?6 


14 

30/- 


SQUARE (LONDON) SHOVELS (No. 23) rai^ in si^e 
2^ X 15 inches, ihe following being useful sizes. 


from 8J 


>c :o4 


Size No 1 I 2 3 4 

I'tice per dozen ... .. ' 21/6 22/3 23/- 24/- 


d. 


6 

25/6 



SPADES (LONDON) WITH TREADS. 



With long strap and rivetted eye 4/6 per doi 



PICK AND MATTOCK HANDLES. 



Leng'h 


inches; 


36 


39 


4' 


Hickory 








9,- 




" ■ 


7/0 


9/6 


■■/- 



PLATE-LAYERS' KEYING HAMMER-I'r 



PLATE-LAYERS' RAIL LIFTING SCREW JACKS range in price from 25,'- 
to 4S/- each. The height when down is about 25 inches, and a generally useful size costs 40/- 

SCREW RAIL LIFTER.~Two of these should be supplied for each gang of plate- 
layers, so that one man can place the lifter, and raise the rail, whilst the other men are packing 
sleejiers and preparing another portion for lifting. 

The price of lifters for liyht rails is ... ... ... £2 10s. each. 

" -i for heavy rails is ^3 

PLATE-LAYERS' AND INSPECTION RAIL GAUGES of wrought iron in 
set.s of 5 pieces, give every dimensions anii are made for lines of any gauge. 

The price of a set for 4-ft. 81-in. in gauge is ... ... ... ... £3 15s. 

PLATE-LAYERS' SPANNERS.— The price of spanner for j-in. bolts is 3/- and 3/6 
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PLATE-LAYERS TOOLS.— The subjoined specification comprises ihe standa.d 
jutfit for a Colonial main line of 4-feet 8i-inches gauge, where repairs most frequently be made 
It considerable distances from important stations. 

e the preparation of estimates for 

The prices left blank will be found under the respective headings relating to those articles. 
Specification of plate-layers tools :— 



6 Beaters with pick at one end, handled 
6 Gravel shovels ... 

2 Levers for lifting the rail on the road 

6 Iron crow bars with steeled ends (about iz-lba 

I straight-edge and sight ... 

I Spirit level on straight e(^e 
18 Cold chisel 
1 S „ „ virith safe rods 

I Ratchet brace, iS-inches, for holes up to i-int 
36 Steel bits for holes up to i-inch. diameter ... 

1 Cramp 18 inches for ratchet brace,., 

6 Bright screw augers, )-inch. with handles ... 

6 Spanners for fish bolls 

6 Box spanners for feng bolts 

4 Flags (2 red, I white, i green) 

3 Sleeper adzes, handled 

3 Sledge hammers with handles (about lO-lbs. ( 
3 Hand hammers with handles (ij to z-lbs. eac 

2 Mauls 

r Tricolour hand-lamp 
I 
Timg o' 



ll'g° 



3/5 
8/6 
1/3 



4 Plate-layers trolleys (sei 

z patent rail benders or raif presses (se 

I jim-erow and bar (see page i^' 






PORTABLE RAIL DRESSING PLANT.— Appliances for this purpose comprise 
machines for sawing off the worn ends of rails and for drilling fresh fish boll holes, rail 
straighlener, etc. 

These machines are carried on a strong truck with engine and boiler, and it is stated that 
400 to 500 ndls can be dressed per day at a cost of about 3/- per ton, with considerable saving 
in the cost of carriage and handling. 

RAIL-END DRILLS are made complete with ratchet brace and bridle to clip the 
drill to the head or foot of the rail, and the price of the apparatus with adjustable self-acting, 
or hand feed and two flats, or one twist drill, is ... ... ... ... ... £2 

CONTRACTORS' END AND SIDE TIP WAGONS of the usual kind are 
built of timber, strengthened by wrought-iron bands, and fitted with wrought-iron axles, cast- 
iron wheels and bearings. 

Pbcces of Tip Wacons. 



Capacity of wagon ... ... ,,, cubic yards 

Price of end tip wagon 
side tip wagon 


£7' 5 

£7 "2 


€■' 


i]t 



DOBBIN CARTS usually c 
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WROUGHT-IRON NAVVY BARROWS.— The frame and body are of wrought- 

iron and can be shipped in separate pieces wilh bolts or rivets for putting them together at 
destination to save cost and daniagein transport. The wheel is wrought iron, iS inches diameter, 
with tyre two inches wide, central cast-iron boss, and wroi^ht-iron axle. 

The price of wrcHight iron barrows, varnished, is ... ... ... 25/- 

If with gfalvanized iron bodies, the price is ... ... ... ... 29/- 

A bghter type costs about 3/- less, but is not so durable as those referred to. 

BARROW WHEELS AND AXLES, as above described, cost 5/6 each. 

Light pattern, with tyre i6-in. by ij-in. costs ... ... ... ... 4/6 

WOOD NAVVY BARROWS.— The body usually measures 30 by k. inches at the 
lop and [7 by 15 inches at bottom ; the sides are 9 inches deep and the front board 10 inches 
deep. The wheel is hooped and 18 inches diameter and the body strengthened by through Wits. 

The price of these barrows is about 13/- each, and they can be shipped in pieces which 
are easily put together. 

STEEL RETAINING STRUT.— This simple contrivance (not illustrated) saves 
time in putting in struts to prevent collapse in trenches being excavated, and — what is 
frequently mure important —saves much time in applying the strut. 

It consists of a steel tube fitted wilh a screw at one end, which can be regulated to any 
length between 27 inches and 42 inches, to suit the width of trench. The other end is 
pivotled, and is self-adjusting to any irregularities in the sides of the trench, and both ends 
are provided with claw feet which take a bearing on planking, or rock as the case may be. 

MATERIALS FOR FENCING.— The varieliesof continuous bar and hurdle fencinjj 
are too great for illustration and description in this section, but the following information relating 
to wire fencing may be useful for preliminary estimates, prices must, however, fluctuate in 
proportion with cost of raw materials. 

FENCING WIRE is sent out ready for fixing to timber standards, or complete with 
iron sliiodards and all accessories for forming a strong and durable fence. 

The prices are for wire only, delivery on railway wagons at makers works. 

FOUR BARBED STEEL WIRE is made in 2 ply and 3 ply, the barbs l>einj; 
usually about 6 inches apart and it is coiled on reels carrying J cwl, and I cwt. 

The price of 2 ply barbed wire on 1 cwt. reel (about 560 yards) is about 18/3. 
The price of i cwt. of 3 ply barbed wire (about 400 yards) is about 1S/9. 

*ing list gives the approximate 

The price per cwL of the wire, annealed and oiled is about 15/6. 
gah-anized. 17/- 
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Feet in i cwt. of Fenciniv MATERTAii. 



Gauge 


No. 


^ 


.■! 


^ 


5 


6 


7 


8 




Number of feet in : c 








»o7 


q66 






lOqH 




Breaking strain 




4M4M 


4MJ 


4240 


375° 


3332 


2913 


1492 


2044 


Seven-p 


LVOAL 


VANUZ. 


11 Wire Strand fc 


R Fencing. 






Size 


No. 


, 


J 




^ 




6 




8 


Feel in i cwl. 




60Q 


67M 


7So 


9ii 


„7fi 


'395 


I63li 


2097 


Pncepercwt. 




"'■ 


21/3 




22/. 


22/t, 


23/3 


24/- 


24/6 



PAINT SPRAYING MACHINES.— The advantages claimed for painting by 
pneumatic pressure are low cost and great rapidity with which Ihe work is pcrform»3 — ^one man 
being able to cover as large a surbce as ten ordinary painters can do in the same time— and the 
facility it aiTords for reaching crevices and corners which are quite inacces^ble by brash painting. 

The apparatus consists of a cylindrical vessel for a supply of paint, with Hitings to 
connect the vessel with an air compressor which supplies the pneumatic pressure, and a nozzle 
through which the painl is projected on the surfece to be covered. 

The price of the apparatus is about ... ... ... ... ... £4 

FAINT SPRAYING MACHINE WITH COMPRESSOR.-The compressor 
is worked by hand-power, and the apparatus is complete with pres.sure gauge, nozzle, and 
connection^ for the paint and compressed air tubes. 

The price of the apparatus is about , ... ... ... ... ... £16 

PLANT FOR TRACK BALLASTING AND LEVELLING— The ballast 

is carried in trucks specially built to deposit it centrally or on either side of the track, as required 
for formation or re-ballasting railway Itaclcs. 

If the ballast is deposited centrally, the rear truck is litted with appliances ajljustable for 
spreading or levelling, and although this mode of working may not be considered desirable for 
the high-class roads and high speeds demanded in this country, it seems to be quite satisfactory 
where rapid pr<^ess and low cost of construction me the chief considerations. 

The plant usually consists of a steam nawy {Fig. 3105), or a curved scoop, which 
load drop-bottom or side-opening trucks adapted for discharging the whole or any portion of 
Ihe load at any point desired- The quantity delivered over a given area is r^ulated partly by 
the d^ree of opening provided, and partly by the speed at which the trucks are hauled- 

A ^milar result is obtained by using flat bottom trucks with a plough scraper, the action of 
which resembles the "steam shovel used in dischatging grain from bos cars into the 
elevator well- 
Ballast spreader.— The end truck is titted with adjusuble wings which distribute the 
ballast in the direction and to the extern desired. 

For re-ballasting existing roads, a pair of scrapers are fixed at the proper level which clear 
the rails to the flanges, and the sleepers are then r«uly for packing in the usual manner. 

Hydraulidug ballast— In exceptional cases, a water jet similar to that used in hydraulic 
mining has been employed for carrying the ballast in troughs or " flumes," which are moved to 
disch^^e where desired. In some instances the jet has been used for " getting " as well as 
carrying the ballast. 

The cost is said to average about 3d. per cubic yard. 

. DRAG SCRAPERS made of seamless sleel, with face hardened and rounded, and 
fitted wiih guide handle and drag bridle for grading in ordinary soil, sand, etc. 

The price of servers 7 feet capacity is ... ... ... -. £2 

The weight is about 90 lbs. 

Scrapers of 5 feet capacity cost, each ... ... ... ... .-. £' 16 

Steel bottom plate, eitra for either size... ... ... ... ... 5/" 
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ROAD ROLLERS AND TRACTION ENGINES. 

STEAM ROAD ROLLERS.-The great durability of r™as consolidated by steam 
rollers is due to the materials being compressed and interlocked to form a paveniem much 
more compact and level than can ever be attained if roads, newly laid or mended, are used for 
traffic without such consolidation. 

Formatioil of road bed. — New metal, evenly laid after the road l>ed has licen scarified. 
is consolidated by rolling the gravel, stone, screenings or other materials, together with an 
ample supply of water distributed in front of the roller as it advances ; this produces a conipaci 
and very durable surface- 
Cost of ro»d rolling.— A 15 tons steam roller will properly consolidate 2,000 superficial 
yards of carriage way in 10 hours al a cost, including all working expenses, repairs, interest on 
capital, etc. of about one-fifth of a penny per yard of roadway. 

Weight of roller-— This ranges from 4 to 30 tons, but if the roller is too hea\-j- the 
materials may be crushed rather than consolidated, whilst if too light more journeys must l>e 
made and the road is proportionately less durable. The work performed by machines weighing 
ro to 15 tons is usually quite satisfactory for all roads- 

Constmctioil. — All machines, whether with single cylinder or compound engines, have 
two speeds of gear for travelling, and steering gear which will turn the roller round in alx>ut its 
own length. All operations are controlled from the driver's platform, and the work performed is 
equally good on a level road or on steep gradients, up to — say — I in 7. 

Compound en^:ine3 are as easily worked as single cylinder engines and the adi-antages they 
afford are economy in consumption of fuel and more silent working. 

Pkices Of Steam Road Roli.bhs- 



Weight of roller tons 

Price of single cylinder engine 
,, compound engines 


£395 
.i:45<' 


II 


ik 



The cost of packing for shipment and delivery f.o.b. is usually about s p<;r cent. 

STEAM ROLLER WITH SCARIFIER.— The .scarifier which picks up the old 
load and prepares it for repair with new materials, consists of a simple arrangement of picks 
carried in a stetl frame attached to the tear end of the machine, and is invaluable where road.s 
must be quickly re- instated. 

The picks are adjustable to inequalities of surface and are worked by power transmitted 
from the engine in travelling in either direction- 
Work performed. — A 10 tons steam road roller with scarifier will break up 4,000 to 
5,000 square yards of road per day- 

Cost of scarifier. — Any of the last named engines can be provided with scarifier ai 



A portable stone breaker of the type Fig- 5132, with sen 

is available for use in the dejiul, or on the highway itself, the st 
<lriven by power Iran.siiiiiled from the roller engine. 



WATER BALLAST ROAD ROLLER. -A heavy cast-iron water-tight cjlinder 
is filled with water m increase the tfieciive weight when required, and the carriage is made with 

Ttimtable frame. — The object of this is lo admit of turning in limited space, or of \-arying 
the direction of traverse withuul injury lo the road or lurf, or strain on the horses. 

The extra cost of this useful a<iiunri is about j^'io and it adds 7 lo 15 cwt- to the weight 
of the roller. 
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Prices ok Water Ballast Road Rollers. 



Length of roller,,, ,,, feet 


4 


4l 


4* 


4t 


Ah 


4^ 




Uiameler of cvlinder .,, ,, 


1* 


n 




44 




■i^ 




Weight when empty . . , tons 


21, 


3 


H 




4* 


5 


s* 


Price of roller 


iL 


iio 


it 


il 


6 

^■00 


I. 


/'35 



The cost of packing for shipment and delivery f.o.b. is about S per cent. 

TRACTION ENGINES, which must often haul loads over trackless and unc 
ground and under circumstances where it would be almost impossible to employ animal tracti 
must be subject to exceptionally rough usage, but with the high quality of materials and wo 
manship now obtainable the cost of maintenance is remarkably low, 

TRACTION ENGINES FOR LONG DISTANCE HAULAGE, r 

referred to, are mounted on springs and fitted with winding drum and 75 yards steel wire n 
for use when (for various reasons) the adhesion of driving wheels is insufficient, or for hauli 

Hauling power and speeds,— An engine of nommal horse power is capable of haul 
25 to ^ tons over a fairlj good le%el roid, or about JO tons over a gradient of 1 in 15, a 
speed of 4 milei an hour 

A ^loiv speed (about I miles an hour) is provided, but is used only when travelling o 
exceptional gradients or very rough roads 

Compound ensfuies — The large economy in the consumption of fuel and «ater (ah 
30 per cent) and the comparati\e noiielessness of compound engines 



inport 



llfea 



Traction Eni.ines for lon<. r 


ISTANCE HAtJLV 


GE 








s 


10 


Width over travelling axles 
Price of single cjhnder engines 


feet 


7i 


7i 




£620 


£700 


Price of compound engine 




£.700 


jCBoo 


Canopy over druer's platform 




j6" 


£15 


Weight with fuel and water (working order) 


tons 


'3i 


'54 



AGRICULTURAL TRACTION ENGINES, for haubng comparative 
ilances and for driving other machinery, are fully equippetl for these purposes and a 
with winding drum and 50 yards of steel wire rope and hauling gear, but these engines 
" ' ' ■' ■ " ' ' ' n the follow' 



usually mounted on springs, 1 
The speeds of ti 



id they are not included in the following price 
1^ and 3 miles per hour. 
AnRicui.TURAL Traction Est 







6 




g 


10 


Price of single cylinder engine 




;C46o 


^485 


^5W 


^S5 


Price of compound engine ,,. 








2"6oo 


Kxtra if with enlareed fire box 




^10 


£'2 




£'5 


Weight with fuel and water (working 


order) tons 


85 




"J 


" 



The cost of packing for shipment and delivery f.o.b. is about 5 per cent. 

TRACTION WAGONS.— High side trucks, limber trollies, box 
types are built ivilh or without springs, but wagons wilh wrought iron wheel; 
bar can be obtained at about the undernamed prices. 



Carrying capacity tons', 4 

Price of wagon ^05 

., with .springs /75 


6 

£75 


£% 

£'il 
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MORTAR GRINDING AND MIXING MACHINES 

Many combinatiorts of edge-runner mills are made for grinding and mixing monar, cement, 
minerals, slac, refuse and many other substances, wet or dry, but all are based on one of the two 

In the generally approved type represented by Fig. 5102, the revolution of the pan causes 
the runners to rotate, whilst that illustrated by Fig. 5104, also largely used, has a stationary pan, 
the runners, which are free on the cross arms, being rotated by the revolution of ihecentral spindle. 

False bottams.— The pans for both types have loose bottom plates in segments which are 
easily removed when worn. The last-named (Fig. 5104) can be made with perforated or grid 
bottonns for grinding dry materials and discharging them automatically when pulverised 10 the 

The edgfe nmuers have flush sides which throw the maioials back ander the runners, and 
hoops can be obtained for quickly renewing the crushing surfece and weight when worn. 

Adjustable scrapers are pT^lvLde(i ;o collect the materials from ihe sides ol ejch nuiner 
and deliver them under it. , 

Concrete mixer blades can lie iitted to any of the pans, so that the mill may be used foi 
grinding mortar or mixing concrete. The blades are easily fixed and the cost of them will be 
found at page 140. 

The driving shaft is fitted with a pulley of the dimensions given in the following table 
and is long enough to lake a loose pulley, if it is required, llie cost will be found below. The 
bearings for the shaft, and those for the ante-friction rollers under the pan, are secured to the 
bed plate. These rollers are not required for pans of less than 7-ft. diameter. 

Bearings— Provision 11 made for the bearings of the dnvmg shaft and of the mill spindle, 
being easily renewed when worn 

Mill spindles.— Wrought iron is preferable to the cast iron shaft with which mills are 
usuall)' fitted and should be adopted for hea\) or continuous work The extra cost Is given 



'I page 



140. 



Proportions of parts — The followmg lofbrtnation affords data for estimating (he ^le 
of the mill required for a gnen range of work, and Ihe motive power to be provided. 

Output per hour —This necessarily lanes according to the materials and the extent of 
grinding and mixing required, but the tTgures in the table may be used as representing mean 



Proportions of 


{e vol, VI 


G PAN 


Mills. 






Diameter of pan ... feel 


^ 




6 




8 




Revolutions per minute 


30 




24 




iS 




Diameter of runners inches 


^ 


30 


36 


39 






Width ,. 














Approximate weight each cwts 














Diameter of pulley ... inches 


18 






36 












6 


6 


6 


6 


Revolutions per niinule 




104 


96 




90 


90 


Oulput per hour cubic yards 4 lo 7 


610 10 




14 to 18 


18 to 2S 




Approx. weight Imk- 5>°2 l™s 2^ 


3i 


4l 


5i 


ri 


Si' 



Diameter of pan 


fn. 






6 


. 


8 




,, steam cylinder 


nches ' 




S* 








1^ 


Length of stroke ... 
















Height of verticle boiler 


feet 


5 


Si 


61 


71 




9) 


Diameter 




2i 


2i 


4 










.„ 








3 
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Fig. 5 102. 

MORTAR MILLS WITH UKDERDRIVEN REVOLVING PAN.— 

The &miliar type of belt driven mill illustrated by Fig. 5102, is entirely self-contained and ready 
for fixing on suitable foundations. The cost of accessories is eiven, and attention is directed to 
the advantage of wrought iron milt spindles referred to in the foregoing description ; also to the 
reduced cost of foundations for mills wilh bed plate of box section. 

Portable mills of this construction are mounted on a steel under.frame with four-llanged 
wheels. If fitted with plain wheels, locking plate and shafts, as shown in Fig. 5103, the extra 
cost is ^4 to £6. 

■iving power required, and approximate output arc 



1>RICE.S OF BeLT-DhIV 


N Mi 


[.s, FlG. 5102. 




Diameter of pan ,., feet 


4 1 5 


6 7 


8 ; 9 


rriceof mill 


£29 


13(- 


^45 i:(^ 


/S6 1 ^97 




£3-^ 


£29 


£A9 £(A 


i93 |.i'OS 


„ box bed 


£,lfl 


i40 


M9 


£<>S 




, , portable mill with steel frame and wheel. 


£i^ 


£a7 


isi 


£Ti 




Extra for loose pulley 


24/6 


2S/6 


39/- 


46/. 


54/- i 55/- 


outer bearii^ ... 


18/. 


19/- 


20/- 


21/6 


23/- 1 24/- 


,. wrought-iton spndle ... 


22/6 


30/- 


34/- 


41/. 


%''& 


power hoist [see Fig. 5103) 


£" 


^13 


^15 


^17 


„ concrete scraper blades 




■9/- 


20/. 


22/- 


n\- . 27/- 



The a 



t of packing for shipment and delivery f o.h. is usually about 5 per ci 



MILLS WITH OVERHEAD DRIVING GEAR.— If this arrangement should 
be more convenient than that illustrated, the bevel wheel is keyed on the lop of the mill spindle, 
above the frame, the driving shaft wiih [linion, pulley, etc being carried in bearings fixed to the 
side frames. 

In other respects the mills are as above described and cost froni £^ to / 10 more than 



under .driven 



tiills. 



MILLS WITH ENGINE, BOILER, &c., as leptesenled by Fig. 5103, are fixed 
on a steel under.frame, with 01 without friction hoist. The boiler is of the cross tube type and 
is provided with all usual Httings and connections and arrangements for detaching the .driving 
gear to pan when the engine power is required for other purposes. The diniensions of 
parts of mills, cngine.i, etc. will be found at page 139. 

The hoisting winch is driven by power transmitted from the engine, and the lever for this 
motion is conveniently placed for working. The price being stated separately the cost of 
Lhe mill can be ascertained, with or without ihis accessory. 

Portable mills are mounted on four plain or flanged travelling wheels and if locking fore 
carriage and shafts are required the exlra cost is about £^ to ^6. Fixed mills are, of course, 
without these a. 
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Diameter of pan ... ... ... feet 

I'rice of portable mill... 

„ fixed „-.. 

Kxtra for hoisting winch 

Approximate weight Ions 


4 


/'OS 
5i 


6 1 7 


£2aS 

£'7 
'3i 



The coat of packing for shipmenl and delivery f.o.k h about 5 per cent. 

MORTAR MILL WITH ENGINE ONLY.— The arrangement is as illustrated bv 
Fig. 5103, excepting that the engine is fitted tii take steam from an existing boiler, and neither 
the vertical boiler or length of bed for carryinc it arc provided. The fori^Lng descriptions and 
apply equally to these mills. 



Price 


S OF MlLI.^ 


WITH 


ES-GIN 


E. 


Diameter of pan 
Price of portable mill ... 
„ fixed ,. ... 
Approximate weight 


feet 


£67 

£60 

3 


1^ 

4 


6 i 7 8 1 9 
/94 ijC"4 .^173 .^198 
^85 \£to5 £,6'y£,Sii 

5i ! 7i 9i , II 



St of packing for shipment and delivery f.o.b. is usually about 5 per 1 
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MORTAR MILLS WITH STATIONARY PANS.-Fig. 5104 represems one 
of Ihe combinations of these mills, and the subjoined information furnislies data for estimating 
the capacity and cost of fixed or portable mills of xny size usually made, wilh or without engine, 
boiler, winch, etc. 

Edge-nuiners. — Provision is made for the rise and &I1 necessary for maintaining uniform 
crushing and mixing capacity, and the following table gives the standard dimensions and 
weight of each runner. 

Scrapers and delivery. — The scrapers are easily adjusted to suit any materials, and a 
sliding door with shoot is provided for bottom discharge, if desired. 

Proportlons ok Stationary Pan Mills. 



Diameter of pan 


,- 










6 




Revolutions of mill shaft per min 






22 








Tfi 


Diameter of runners 


inches 






^6 


la 






















Approx. weight each ... 




8 


9 




'3 


16 




Diameter of pulley 


inches 






24 


24 


30 


36 


Width of pul'ey 








^ 


S 






Revolutions per minute ... 








BS 


So 


80 


Approx. weight 


tons 


' 


■H 


3 


3i 


4 


Si 



Diameter of pan 


feet 


^ 


4h 


5 


■i^r 


« 




steam cylinder 




4\ 


5 






7 




Length of stroke 






9 


9 


9 






Height of vertical boiler 


feel 






^h 




<■« 


74 


Diameter ,. ,, 




zi 


^A 


H 




•1 


n 


Number of cross tubes ... 








' 






3 



STATIONARY PAN MILLS, ONDERDRIVEN.— Fig. 5104 represents a useful 
arrangement, but prices are also given for mills with cast -iron frame ready for fixing to timber 
or other foundation. 

convenient and should be provided for mills which are only used 
lis and of the extra length of shaft, etc, us stated below. If a 
end of the driving shaft, the cost will be aljout Zo/- to zj/- 
same as ihM of mills with revolving pan of equal diameter. 



A loose pulley is always 
iiHermittently. The cost oft 
liearing is required for the outi 

The output is about thi 
see page 140. 



I' Uniier-Drivbn Mil. 



Diameter of pan 


feet 




6 




Price of mill ready for fixing 




£28 /,3i 1 £34 i-3& 


/4^ 


£55 






£i° £34 ' £37 1 Ui 


/,4f> 




„ with wheels & axil 


as Fig. 5104 


£z7 Mo ■ £45 1 £io 






Extra for loose pulley .. 




24/6 1 24/6 28/6 1 28/6 


W/- 


46/- 


Approximate weight 


tons 


2 1 2i i 3 1 3i 


4i 


5i 



. The cost of packing for shipmi 



y fo.b. is usually about S P" < 



STATIONARY PAN MILLS WITH OVERHEAD DRIVING GEAR 

have side frames and cross tie similar to that shown in Fig. 5102, anil cost from £^ tj (about) 
;^io more than the last named under -driven mills. 

MILLS WITH ENGINE, BOILER, &c— The machiiiety is fixed on a frame 
built of steel girders as represented by Fig. 5103, and is arranged fur attaching to a masonry 
foundation, or is mounted on travelling wheels as required. 
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I'Kii^ES OF Stations 


RV Pan 


Mills w 


TM ENt. 


NK AND 


Boiler. 




Diameter of pan . . feet 
Price of portable mill 

fixed mill 


k 


# 


f;-3 


/"3 


6 


A. 


Pkices of Stationary I 


AN MiLI 


.•,T„ E-oiN. r 


NLV. 




Diameler of pan ... feel 
Price of portable mill 

fixed mill 


t 


k 


k 


t 


6 

m 


£9» 



of packing for shipment and delivery f.o.b. is usually about 5 per 1 



Diamel 


r of p«n feet 


, 






n. 


6 




Price 


single runner mill ... 


£'6 


£'S 


£20 


/26 


£h 




double „ „ ,. 


£21 




£^1 


£-ii 


£if- 


£42 



PORTABLE ANIMAL POWER MILLS.- The mill as last described cai 
mounted on a steel undercarriage with wheels, axles, swivelling fore carriage, shafts, etc. ; 
extra cost of ^8 to ^10, but are not usually made less than j-ft. diameter. 

MILLS WITH GRANITE RUNNERS, Etc.- 

are deteriorated by contact with iron, the edge runners or 
made of gianite. 

MILLS FOR MIXING LOAM, SAND and other materials are constructed as 

shown in Fig, 3104. but runners with a series of webs on each side of a centre plate which 
lift and thoroughly incorporate the materials, are substituted for the heavy solid runners used 
for crushing and mixing. 

The prices of these mills are about the same as those given at page 142 for mills of 
the type. Fig. -"" 



Fig. 5104. 



, for s 



lall installs I io 



: dealt willi 
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EXCAVATING PLANT. 

STEAM EXCAVATOR OR " NAVVY. "-The undernamed are the systems of 
machinery best known and generally employed for quickly and economically excavating all 
materials, ores, etc. which are amen-tble to pick -tnd shovel The spoil is mechanically excavated 
and deposited in inicks for remoial or on to a Iraieliing lielt, and so, without handling, form 
embankment or tip. In some eises a conievor of one or other of the types referred lo at 
pages 78 to 83 will be required 

ReTolTine locomotive ste^m excavators jf the ivpe Fig. 5105, in which the jib and 
counter weight make a cimplele resolution in either direction, and will cither excavate or 
deposit at any part of the circle described bv the jif 

"End on" steam excavators with excavating bucket similar to Fig. 5105, hut which have 
the machinery, boiler, &c. forming the tounlerw eight, fixed on the undercarriage, the jib only 
moving ihrougli an arc limited lo about 90° 

Side steam excavators, with dredger buckets and ladder, will travel on rails parallel 
with the excavation, and are capable of working at a considerable depth l>elow rail level, the 
position of the bucket ladder l)eing adjustable to work at almost any angle and so form the 
lianks of a river or canal to the slope desired. 

Hjrdntlli: excavators are referred to at page 147. 

All these machines have been extensively and profitably used under the conditions for which 
each type is specially adapted, and the revolving 01 "all round" t)-pe has been selected for 
■ -' * " ■ le for a far wider range of work and has structural advantages 

REVOLVING LOCOMOTIVE STEAM EXCAVATORS are an adaption 
of the well-known steam crane, and are used as such when the excavating appliances have been 
removed— the alteration being the work of a few minutes. The length of the jib (about 2S-fl. 
10 30-fl.) is usually simple for fixing girders, large stones &c. The cranes in general use forthis 
purpose are of j, 7 and 10 tons power. 3 tons crane excavators have been made, but the lai^er 
^zes are found to be more economical and durable. 

The output in stuff excavated and deposited in trucks naturally vanes with the strata in 
which the machine works, but that from a 10 ton machine is usually about 500 to 1000 cul ic 
yards per day. 

A 7 tons machine will give 400 to 800, and a 5 tons from 300 to 700 lubic \ards per dav 

The railway cutting illustrated by Fig. 5105, consisted of a rather ix=e iiid (when 
excavated) not very hard rock, but sufficiently so to leave the "cleaning up marks, ieft bj the 
steel teeth of the bucket, seen on the side of the cutting to the right of the engraiing 

The machine consists of a strongly constructed steam crane with motions for travelling 
and for altering the radius of the jib by sleaui power. 

The excavating bucket is attached to the jib by compensalin;; gear which is conlrolled Iw 
the steam cylinder us indicated in the engraving. This gear holds the bucket up to ils wuii 
and shortens Ihe radius through which it travels; it also enables the bucket to clear all 
obstacles ariang from falling stones or soil. 

The machinery and boiler, which form counterweight, revolve with the jib and maintain 
the stability of the crane at whatever angle it may be working, relatively with the crane track— 
a matter of great importance on soft or imperfect roads — as these usually are. 

The excavator cuts ils own "gullet," and can be set at the most favourable angle; ihis 
frequently admits of the machine doing work which must otherwise be done by manual labour. 
No other machine possesses this facility. 

The 5 and 7 ions machines are usually provided with buckets of 1 cubic yard capacity an<l 
the 10 Ions with ij yard buckets. 

The working expenses necessarily vary with the nature of the ground, the prices ..f 
labour, fuel, etc. but, including the cost of driving the excavator, manipulating trucks aro'iiid 
the machine, filling them, sitpeiinlendence, etc., the cost will rarely exceed ij lo 2 pence 
per cubic yard. 
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"END-ON" STEAM EXCAVATORS.— In this machine the hoiler and the whole 
of the machinery, is secured to a strong wrought iron undet carriage. The jib is carried by a 
wrought iron tower, also fixed to the undercarriage and is provided with appliances for turning 
it, so chat the outer end of the jib describes an arc of about 90° which admits of the face of the 
cutting being excavated within that range und the excavated materials discharged into trucks 
on either side of the machine. 

The arrangement of the mechanism which manipulates the excavating bucket differs from 
that last descriT>ed, but, in both cases, it is firmly held 10 the face of the cutting and is drawn up 
by powerful gear which causes the bucket to be filled by the time the end of the stroke is 
reached. 

Machines of this type have been used, with excellent results, in almost all kinds of excava- 
tion from dry or wet sand to stiff boulder clay. 

When working in sand, as many as 64a trucks, or, in all, 2500 cubic yards have been 
<?xcavaied and delivered into trucks in 12 hours by a lo horse power machine. 

The output in highly refraclory soil, although much smaller in quantity, is scarcely less 
valuable. As an example of this, the subjoined figures give the items of the cost of working a 
machine of to nominal horse power when excavating and delivering into trucks 480 cubic yards 
of very stiff boulder clay in 10 hours. 

For convenience in arriving at the actual cost of working the machine and the total cost, 
under different conditions as regards wages, etc., including manceuvering trucks, laying in roads, 
shifting the machine forward to the face of the cutting, etc., these items are given separately, 
and are as follows ; — 

Working Excavator. 

Engine driver per day ... ... ... ... ... £0 5 o 

Man manipulating discharge of bucket ... ... ... .^^o 4 o 

Stoker ... ... ... ... ... ... ... 2'o ^ 6 

Half-a-lonofcoalal6/- 2° 3 o 

500 gallon 



Oil, 1 



;, etc. 



£0 



Coat of working excavaloi ... ... ... ... ■■■ £< 

Incidental work. 

Man cutting top and breaking down ... ... ... £t 

Eight men attending trucks, etc ... ... £ 

Superintendent (ganger) ... ... ... ... £t 

Horse and driver... ... ... ... ... ... £1 

Total incidental charges ... ... ... ... ... £: 

So that the total cost was £2 18 9 or rather less than ij pence per 
excavating the above. named, 48ocubic yards, and loading up trucks ready for ren 
Prices of "End-on" Excavators. 



Horse power of engine 

Approximate weight... 
Ditto measurement 



3270 



es, but for purposes of e; 
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SIDE BUCKET AND LADDER EXCAVATORS travel on a line of rails 
parallel with the exciration to be made Mid are used, with great adi'anlage, where a large 
quantity of stuff has to be taken out at depths varyitig from lO-ft. or less lo 20-ft. below, or 
about the same height aliove rail level. In most cases the buckets deliver the soil direct inlu 
trucks ; in others it is deposited on a travelling table which conveys it to a tip to form an 
embankment or for disposal in some other manner. 

The engines, boiler and machinery for working the excavating buckets are carried on a 
strong carriage provided with flanged wheels for travelling on rails, usually ^ to 8-ft. gauge, 
with an intermediate rail to distribute the weight of the machine over a large area when at work. 

The buckets, links and ladder, with top and bottom tumbler similar to those used in floating 
dredgers, are maintained in the position desired (or the angle [s regulated) by chains attached to 
the ladder and supported by a strut from the undercarriage. The buckets discharge the excavated 
materials into a hopper behind the machine, the height of which admits of trucks passing undei 
the hopper and being filled from it, a separate line for that purpose being laid behind that on 
which the machine advances. 

Excavators of this type are made usually of from 15 to 45 nominal horse power and will 
deal with from [OOO to 2500 cubic yards in 10 hours. 

The cost of a machine of medium size — 25 nominal horse power — is about .^2500. 
An excavator of this power has dredged 2000 cubic yards of sand in ten hours and the working 
expenses, including fuel and all labour in driving, manipulating trucks, etc. laying in roadii, 
interest on capital and sinking fund was less than one penny per cubic yard of sand excavated 
and deposited in trucks. 

CANAL EXCAVATOR.— The following is a brief description of steam plant which 
excavates and raises about 150 cubic yards per hour when employed in the formation of 
irrigation works in tenacious marl. 

Ezcavating; machinery. — This is of the ladder and bucket type and is carried, ti^ether 
with the engines, boiler and accessories on a steel girder frame which is mounted on travelling 
wheels and fitted with springs, end buffers, coupling chains, etc. 

Separate engines are provided, respectively, for working the dredger chains and buckets, 
for raising and ai^usting the position of the ladder, and for moving the machine along the track, 
hauling the spoil wagons, etc. 

Work performed. — The ladder works at a right angle with the track through a length of 
36 feet and is adjustable to any depth up lo 16 feet. The capacity of the machine is 150 cubic 
yards per hour delivered direct into the spoil wagons. 

Working staff. — This consists of one engine driver, one stoker, and one man lo attend to 
ihe buckets and the loading of the wagons. 

TRENCH EXCAVATING MACHINE.~Plantforexcavatingtrenchesfor drainage, 
sewerage, etc. is constructed to suit the depth, width, etc. of the work to be carried out, hut 
the following information relates to plant of useful dimensions which is equal to excavating 
150 to 16a cubic feet per hour, and forming trenches from 2-ft. 6-in. to 4-ft. wide, of any depth 
up to about 15-fl. The spoil is automatically delivered into trucks or wagons along^de, and 
the ^des of the trench ate timbered in the usual manner, as the work proceeds. 

The excavattni; machinery is mounted on a wrought iron under frame with wheels for 
travelling longitudinally, and rails to give a cross traverse to a trolly which carries the engine. 
boiler and all appliances for ei^cavalion and delivery. 

The soil is removed by ladder and bucket which are provided with arrangements for 
lengthening or shortening, and for adjusting the angle to suit the work. The spoil is delivered 
at a convenient height above the top of the trench. 

The price of the machine as above described, complete with engine and boiler, ste^l 
ladder and buckets for wet or dry work, longitudinal and cross traversing gear and the appliance.- 
for automatic delivery, is alxiul .. ... ... ... ... ... ;£l,lco 

HYDRAULIC EXCAVATORS.— The machinery can be arranged to travel alongside 
3 waterway, or it can he fixed on a lai^e for use afloat. In either case the spoil can be delivere<i 
at considerable and easily variable distances as described at page 152. 

EXCAVATING PLANT FOR DEEP TRENCH IK ROCK.— The following 
is an outline description of excavating plant eiiiploytfd in recent extensions of the Niagara Fall-- 
turbine installation. 
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Work performed. — A trench 500 feet long end iSofeet deep is excavated out of the solid 
rock, the sides of the trench being vertical. 

Stone cbatmelling machiae. — Reference to Fig. 5125 shows that the machine cuts a 
clean vertical face on each side of ihe trench, and the rock between the grooves is shattered by 
ilynamite for removal by the cable conveyor. 

Cable Cohtcjot. — The excavated materia! is removed from the trench by a steel wire 
rope vfay supported by tovrers 600 feel apart, the length between anchorages being 800 feet. 

The cable way is two inches diaiiietet, and is central over the line of excavation, with 
trolleys from which the skips are suspended, and raised or lowered at any desired point in the 
length of traverse. 

The skips are of 2^ cubic yards capacity, and the materiah raised from the trench are 
dumped intu steel cars for hauling away ; in this case the stone is used in railway construction. 

Hoisting machinery. — The engines and hoisting appliances are fixed in one of the towers 
and are equal to a load of^io tons ; all operations ate controlled by one man when working at 
any point in the length of the traverse or at any depth up to 180 feet. 



The following description of excavators used in the dock extensions at Keyham is abstracted 
from a paper read before the Institution of Mechanical Engineers by Mr. Whately Eliott : — 

The mud is excavated by means of mud scoops worked to and fro over the site by hauling 
engines, which are placed on each side of the ground. Those on the outer side are of forty 
horse-power, and arc lixed at the end of an elevated stage, from which the mud is discharged 
into barges and conveyed by them to sea. Those on the inside are of twenty horse-power and 
are fixed to travelling frames, and can thus be moved to lead the scoop to such part (^ the mud 
as may be required. 

The scoop hauled forward over Ihe mud fills itself, the depth to which the cutting edge 
enters being regulated by adjustment of the hauling chains. 

When the scoop is filled, a catch holding the rod on which the chain is coiled is knocked 
out. The back chain being thus lengthened, the cutting edge is raised clear of the mud, and, 
in this position, it is hauled over the surface of the mud. up an incline, and along the high level 
stages until it is over the shoot, where it is turned over by the front chain and the contents aie 
discharged into a baige beneath. 

One complete journey is made in 5 to 10 minutes and the quantity carried varies from a to 3 
cubic yards when the mud is very wet, to a majtimum of 5 culac yards when it is dry. 

This installation answered its purpose in preparing the way for wagons which could not have 
l)een used on the soft mud, but when sufficiently solid ground had been reached, the rest was 
excavated partly by hand and partly by steam navvies, the haulage to and fro of emplv and loaded 
trucks being pMformed by small locomotives of the type illustrated bv tig 5062 etc 

Excavation in trenches.— The walls for the last-named docks were constructed in 
timber trenches, the mud being excavated by hand and filled into skips which were lifted hi 
steam cranes, discharged into trucks and conveyed by them to barges for final removal 

Excavation by grab. — In other cases, grabs worked by portable steam cranes are 
employed with great advantage, the grabs excavating the soil and automatically dischai^ng it 
at any desired point within the radius described by the jib. The cranes used in connection with 
grabs of the type Figs. 5109 and 51 10, are equally available for biting sk^ps or for any other 
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DREDGERS AND SUB-AaUEOUS 
EXCAVATORS. 



It seems scari:ely credible ihal the modest six-hotse power engine, first used by Trevelhick 
early in this century for driving ihe lumbler shaft of his dri:dger, should hsve led to ihe deielop- 
ments in de»gn, construction and equipment to be foimd in modern dredgers of the type 
illustrated by Fig. 5106. 

In Ihe limited space av»ilable it is impossible to do more than furnish data relating to 
dimensions, capacities and approximate cost of plant suitable for the conditicins mentioned, with 
some notes on working expenses, etc. but this kind of infurmaCion may suffice for approxiniately 
estimating the outlay for plant to he provided for a given duly. 

TYPES OF DREDGERS, WORKING EXPENSES, ETC -The ladder and 

bucket dredgers, hydraulic or suction dredgers, and the grab or dipper dredgers, have each their 
sphere of usefulness, and the followin-; notes relatingtoworkingexpenses, cost of maintenance, eic. 
under different conditions, by each system, fiiinish conciss information on those subjects. 

NOTES ON COST OF DREDGING.— The average cost of dredging around the 
British coast, and discharge within a distance of 10 to 12 miles, including all charges excepting 
depreciation and interest im capital, ranges from 2d. to about 7d. per ton of relatively soft 
materials, but when working in tenacious ground, raising rock, boulders, etc. the cost increases 
very rapidly and may be as much as 1/9 per ton, or even more. 

COST OF DREDGING IN THE COLONIES. — The following valuable 
information with reference to the cost of dredging by all known methods is abstracted from 
the reports for 1898 issued by the Government of New South Wales. 

Ladder and bucket dredg^ing in sand, mud and clay cost from Z'05d. to 3'S4d. per ton, 
the average being a-SSd. per ton. 

Stiction dredging in sand, mud and clay cost from 1 ■62d. to 32id. per ton, the average 
being a'4d. per ton, including carrying a portion of the spoil out to sea. The mean cost of 
dredging alone was I 7Sd. per ton. 
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Combined suction and grab dredging in sand cost from i-33d. to 3-i4d. per ion, 
Ihe average being I'gjd. per ton. 

Grab dredging in eand. gravel, and mud cost from 2'Z5d. to 4'4Sd. per ton, the average 
lieing 373d. per ton. When raising rock the cost rose to 8-57d. per ton, 

DepreciBtion and interest on capital. — These items can be estimated only in relation 
with individuil dredgers and the materials ihey excavate but obviously, excellence in design, 
^ood materials and workmanship go far towards minimising cost of maintenance, and loss in 
i-.irning power incidental to laying up for repairs. 

Maintenftace and working expenses. — The late Mr. P. J. Messent, M. Inst. C.E., 
w huse experience in everything relating to dredging was universally recognised, found that the 
cost of repairs amonnts to half the total cost of dredging, the other half being expended in 
coals l/l2th, wages, stores and general expenses 5/iiths. These proportions of cost do not, 
however, apply to suction dredgers which are referred to later on, and will not be quite accurate 
for ladder dredgers working in easy ground. 

LADDER AND BUCKET DREDGERS may be divided into two calegories, 
viz. : (i) Dredgers to deliver overside into barge, and [2] Hopper Dredgers which deliver 
into their own hoppers, and are lowed, or navigated by their own steam power to the place 
where the spoil is to be deposited. 

These inay again )ie sub-divided into deep and light draught, and to dredge from both 
sides, or with single central, or side ladder. 

The depth of dredging may range from 5 lo 50 feet or more, below water level, and the 
machinery is built fur raising the stiffest clay, boulders, solid or disint^ated rock, gravel, 
.sand, and strata of all kinds down to soft mud. 

It may here be mentioned that side ladders are sometimes reqnired for deepening close 
in-shore, but if work of this kind is not reqnired, a central ladder 15 usually preferable, with 
appliances for delivering centrally into hopper or 10 bai^ on either side. 

Spoil conveyor. — To avoid the expense and loss of time involved in re-handiing the spoil, 
ihe dredger is provided with cunvevors which carry the stuff from the buckets and deposit tt in 
uucks for removal, or on shore for'forniation of bank. 

Details requi'cd. — The foregoing remarks indicate the kind and scope of information 
requisite for proper cunsideralion of the construction and arrangement of plant most suitable 
for the work lo be performed. Restrictions (if any) as to draft or width permissable, should 
also be stated, 

HOPPER DREDGERS are perhaps principally employed in tidal waters where 
dredging is limited to certain states of tide, the after part of the vessel being fitted with 
appliances for emptying its own hoppers, also with gear for towing other baizes to the point 
where the spoil is discharged. 

PRICES OF LADDER AND BUCKET DREDGERS.— The following data 
relating to dredgers of diflerent dimensions and capacities may be useful for reference, although 
(as pointed out elsewhere) it is desirable to have the dredger speciallj designed for the work it 
is destined to perform. 

Dredger to raise 750 tons per hour and dehver a\ erside the draught 3 ft. and lo 
dredge to a depth of 22-u. below water level. The engines compound and surfecc c mdensing 
and boiler of return multitubular type. Also twin screw engines and accessories for propelling 
ihe vessel at a speed of about 9 knots per hour 

The approximate cost of the dredger with the usual eqmpment is ^26,000 

Dredger to raise 750 tons per hour and deliver overside, the draught 13-fl. and to dredge 
to any depth up to 36-ft. below water level. The engines compound and surface condensing 
and boiler of return multitubular type. Also twin screw engines and all accessories for propelling 
the vessel at a speed of about 9 knots per hour. 

The approximate cost of the dredger, with the usual equipment is ... £2(1,000 

Dredger to raise 250 tons per hour and deliver overside, the draught s-ft. and to dredge 
to any depth up to 45-ft. below water level. The engines compound and surface condensing 
and boiler of relurn multitubular type. 

The approximate cost of the dredger with usual equipment is ... ... ,^10,600 

Dredger to raise 170 tons per hour and deliver overside or to any distance up (o 85-ft, 
the draught 3-ft. and to dredge lo any depth up to 2z-fl. below water level. The engine 
compound and surface condensing and boiler of return multilubular type. 

The approximate cost of the dredger with usual equipment is ,.. ... ;<^l3,oaa 
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The approximate coit of the dredger, with usual equipment is ... ... .iCTi^^'O 

Dredger to raise 70 tons per hour and deliver overside, the draught 3-ft. and to dredge 

to 15-lt. below water level. High pressure engine and boiler of return multitubular type. 

The approximate cost of the dredger, with usua.1 equipment is ... ... £5,75° 

Dredger to raise 70 tons per hour and deliver overside, or to any distance up to 85-ft. 

the draught l6-in, and to dredge 10 a depth of li-ft. The engine compound surface condensing 

and, boiler of return mullilubuTar type. 

The approxiaiate cost of the dredger, with usual equipment, is ... ji!8ooo 

Dredger to raise 70 tons per hour and deliver overside, the draught 2-ft. 3-in. and to 

dredge to a depth of 6-ft. below water level. High pressure engine and locomotive boiler. 

The ftpproxinuite cost of the dredger, with usual equipment, is ... jCS400 

Dredger to raise 70 tons per hour, arrant;ed as last described and complete wiib 

sletn-wheel propeller, costs about ... ... ... ... ^£6450 

Dredger to raise 70 tons per hour and deliver overside, the draught 2-fi. 3-in. and to 

dredge 10 a depth of 6-ft. High pressure engine and locomotive boiler, and provided with 

living accommodation and sleeping berths for crew, costs about ... ... £$('5° 

Dredger as last described, but complete with stern-wheel propeller, costs alrant £(>tx> 
Spoil conveyor. — Any of the four last-named dredgers can be provided with appliances 

for tlehveiing the dredge stuff at any distance up to 30-ft. from the drtsiger. 

The extra cost of the conveyor is about ... ... ... ... £^10 



Hg. 5107- 
LIGHT DRAUGHT LADDER AND BUCKET DREDGER, for cleansing 
1 maintaining uniform depth in canals, rivers, etc. 
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The engraving Fig. 5107, leptesents a dredger 10 work to any depth up to 7-feet on a 
draught of 2-feet, and capable of raising 40 to 50 tons per hour. 

The enginea are horizontal, with link reversing gear controlled by lever at deck level, anil 
the boiler is of the vertical cross tube type. 

The plating, angle frames, deck beams, floors and keelsons are of mild steel ; the length 
of the vessel over all is 60-feel, the beam is 9-feet 6-ini:hes, and the upper and lower deckinj; 
is of pilch pine. 

The bucket ladder and buckets are of steel, the top and bottom tumblers are of chilled 
cast iron, easily renewed, and the bucket links are fitted with loose steel bushes and hardened 
steel pins." The position of the ladder is adjusted by a self-locking hand winch, and that of 
the vessel by a steam driven capstan with warping heads of two diameters, respectively for 
warping and feeding quickly. 

The dredge stuff is delivered to either side and the shoots fold back clear of passing craft. 

A cabin is provided with lock op hatchway, stove, locker to form a berth, and the coal 
bunks and tanks carry supplies of fuel and water for two days. 

The cost of the dredger with all fair leads, a.nd the usual equipment is about ... .£1,750 

MACHINERY FOR LIGHT DRAUGHT DREDGERS.— In some cases it is 
considered desirable to convert an existing vessel, or to build a pontoon of suitable dimensions 
ready to receive the machinery and many dredgers, which have been in successful operation for 
years, have been constructed in the manner indicated. 

The information reqtiired for designing the machinery, and if necessary the vessel to 
carry it consists principally of ;~- 

(u) The nature of stuff to be dredged. 

(d) The maximum dcj«h and quantity to be raised in a given time. 

{f 1 The kind of fuel lo be used (if other than coal). 

( dj Restrictions (if any) in regard to length, width and draft of the vessel. 

(i) Mode of disposing of spoil. 
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HYDRAULIC or SUCTION DREDGERS.— Fig. 5108 represents a light draught 
Ball dredget to deliver overside and capable of dredgii^ :oo tons per hour b)' centrifugal pumps 
spjeialty designed for this dtily. The same type of pump is used for dredgers referred to further 
(HI which have raised thousands of tons per hour, and are successfully employed in ; 

Clearing away bars and sand banks. 

Deepening and cleansing water ways, harboors, reservoirs, etc. 

RedainiinR land, frequently by direct delivery of dredge spoil. 

Ordinary dredging in harbours and in deep or shallow water. 

Culling their way forward on light draught. 

Travelling along !he bank and delivering spoil in any direction desired. 

THE BALL DREDGER, with appliances fur classilying or separating has rendered 
invaluable service in recovering diamonds, gold, tin, and other metals in all parts of the world. 

Advantages of hjdraulic dredgers. — The machinery is comparatively inexpensive ; ii is 
easily transported and erected and the cost of maintenance is remarkably low. The materials 
dredged can be raised to any height and carried t<ir deposit at any distance; up to about 15-fi. 
above water level and 70a feet distance, this can be accomplished in one operation. 

Worlcing in rough weather,— The suction pipe can have a flexible connection which 
ndmits of dredging being carried on continuously in a swell, or in any weather short of a gale. 

Deep dredging. — This system can be used for much greater depths than are practicable 
with a ladder dredger, as much as loo-fl. being quite feasible with proper construction tor deep 
dredging. 

Economy in power. — There is no loss of power in lifting the spoil to an unnecessary 
he^ht. The same system can be applied for discharging spoil from an ordinary barge. 

EFFICIENCY OF SUCTION DREDGERS.— The output cap-city of suction 
dredgers increases very rapidly with the increase in the diameter of pipes. Mr. George Higgins 
states that, for all practical purposes, the capacity of the suction dredger varies as the fourth 
power of the diameter of the pipe, the dredgers being in all respects properly proportioned. 

Suction dredgers are commonly supposed to be able to handle only very soft materials, but 
the experience on the Chicago Drainage Canal, and elsewhere shows that, within limits, ihev 
work well in almost any kind of stuff. 

NOTES ON SUCTION DREDGERS.— The following facts relating to the 
'luantity and cost of work performed by Suction Dredgers^abslracled from papers read before 
.he Congress of the Institution of Civil Engineers (tSggjand other sources — indicate some of 
the conditions under which ihese Dredgers have been usefully employed. 

Removing a sand-bank. — 4,309,350 tons of materials were removed in 189S at a 

The items of cost are as follows : wages, 023 pence per ton ; sundries, 0'25 ; repairs, 0*13 ; 
total, 0*61 pence per ton. 

Cutting channel in sand-bank.- .\ char 
deep w.as formed in coarse sand in 37 minutes : 
(coarse sand) in one hour. 

Tug and dredger combined.— Suction dredging machinery fined on Ixiard the tug 
Imats employed during the (I'rench) operations in Madagascar, was completely successful in 
increasing Ihe depth ofa shallow river (much obstructed by shoals) sufficiently for gun boats, 
war materials and stores to Ijc lowed to the point where ihey were required for service. 

Similar combinations have also l;ecn adopted for maintaining a given depth and width 
of chiinncl, Ihe tug lieiiig used fur Ihat purpose when not employed in towing. 

In claj and hard inaterial, cutlers or disintegrators at the suction end of the pipe 
rapidly reduce llie iiiatctial iiilu condition for passing freely through the pipes to deliverj'. 

Diedgin|[ in compact sand. —In another instance part of the work consisted of dredginfi 
ground then inaccessible to the dredger. This was reached by extending the sucticjn pipe 
mid dredging through a length of 260 Icet. 

The mnletinls were dischai^ed into liarge and taken out to sea, an average distance of 
4 miles at a total rost- -including wear and tear, depreciation and interest on capital — of 

.... ^^^^ ^^ iiiiipiu uf 170 tons per hour, and the cost of repairs 
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Deepening channel for ium£atioii. — t,3o8,coc 
deepening a channel to l6J-ft. over a width of 656-ft. 

The contract price for this work, including 
miles was sixpence per ton. 

Since tha.t work was completed, a suction dret^r has been provided which lias increased 
the depth to iSJ-ft. and maintains the channel at that depth. 



cuhic yards have been removed in 
ransport of the spoil a distance of three 



from the dredger of 33S-ft- The land s< 



LS puhlic garden 
lice gained on the coasts of this and other 
: of large volumes of tidal water in channels 
which have lieen dredged to sufticient depth, continue to remove the material brought in by 
wave disturbance, provided that the channels have been located to profit by this tidal action. 

An example of this has been furnished by the removal (by suction dredgers) of 6,325,000 
ions of sand in one year, and the maintenance for several years of a depth of water of (practically) 
2g-ft. over the whole of the area which has been dredged. 

As is well-known, the deporting action of winds and waves decreases rapidly as the depth 
<if channel is increased. 

Cost of repairs. — The well-known carrying power of water, when travelling at high 
velocity in a limited area, t>eing utilised in lieu of the mechanism inseparable from other systems 
of dredging, the wear and tear is so small that the total outlay for repairs on a large dredger 
( 1 2-in. pipes), in continuous work, did not exceed ;£6o per annum. 

Working expenses. — Examples will be found at page 149, etc. with reference to this impor- 
tant question, but it may be said that the cost of labour, fuel, etc. on a suction dredger used in 
clearing away a bar or sand bank and depositing in hopper, or into barge alongside, rarely 
exceeds id. to ijd. per ton of solid matter lifted. 

Delivering the spoil on a bank at distances up to 2500 feet costs very little more than 
discharging into hopper or barge. 

Cost of suction dredgers.' — The dimensions, draft, arrangement, etc. of floating dredgers 
vary so widely, that no reliable estimate of cost can be made without complete data relating to 
the conditions to be fulfilled. That, however, is not the case with regard to the machinery 
capable of raising a given quantity of sand, or ballast, under ordinary conditions of working. 

As already indicated the machinety can he obtained ready for lixing on an existing vessel, 
or on one built locally, the drawings for which can, if necessary, be supplied in time fur the 
vessel to be ready to receive the machinery when it is delivered. 

The following approximate prices include the engine, boiler, dredging pump and machinery 
necessary for either ordinary dredging, or for raising any of the materials already mentioned. 

Cutters for hard gfround are sometimes (but rarely) required to loosen exceptionally 
tenacious ground, and thus largely increase the output of solid matter. The cost of these and 
the gear for driving them is not an important item, hut is not included in the follovring prices. 



Prices of 


Machiner 


V FOR StJCTlON DREIX-.ERS 






Approximate output per hour 
Price of machinery ... 


■ 't™ 


3 
do 


i"400 


5 


6 
/8so 


7 


Diameter of pipes ... 
Price of machinery ... 


. inches 
about 


A. 


9 


.£ 


80 
£2400 


^2600 



The cost of packing for shipment and delivery f o.b. w 
Vessel or pontoon. — The dredger can be sent out 
may consist of a pair of pontoons, with water-tight co 
decking, forming a platform to carry the machinery. T 
segments and marked for bolting together at destination. 

In many cases, however, the machinery only is suppli 
crnfl, sometimes an existing vessel, provided by the purchai 
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ts own steam power, and with i)r 
ir other vessels. 

Mochinerjr.^ — This consists principally' of a steam oi oil engine and a centrifugal pump of 
the special construction described in ihe next paragraph, with the necessary suction and 
delivery pipes, winches, fair leads, etc. All the parts are light enough to be easily transported, 
and if necessary, the draught may be as little as 14 ot 15 inches. 

The dredg^g ptimp is of the centrifugal type and fitted with chilled cast iron cheeks which 
can easily be replaced when worn. The blades of the revolving fon are coated with India rubber 
to resist wear, and provisiori is made for quickly during away obstructions which are carried 
by the rush of water into the collecting chamber, but are loo large to pass through the pipes. 

r gear, or the pump shaft is attached direct to the 

The sttction pipe (or pipes) may be at either side, or about the centre of the vessel as 
desired ; it is raised or lowered, by winch or chain in the usual manner, and carried clear uf the 
water to offer no obstruction when moving to new ground- 

t lengths for laying in any direction and are 



The machinery is similar to that last referred to 
travel on rails, and is arranged to deliver the spoil ir 
distance, in one operation. 



frSh' 



For gold and diamond dredging the appliai 
uentiy carried on the same trolley, forming a self-c< 



GRAB OR "DIPPER" DREDGERS.— Valuable as these dredgers are for the 
"irie lanyt- uf piirposts menlii>iicd at pat^af 157 lo 159. they can, in no sense, compete with either 

sand-lKtnks, deepening waterways and .similar operations. 

An installation of the kind illustrated by ?'ig. 5109, is extremely useful in conjunction with 
either ladder or suction dredgers when they are working in ground interspersed with boulders, 
masses of ruck, sulimcij:^ timlEr, or other olalructions n^ich cannot be brought up by the 
dredger, but are easily disposed of by the grab and crai.e. 

They excavate to any depth and have done so succes.sfully up to 300 feet below water level ; 
Ihey are also invaluable for clearing corners inaccessible for any other dre^er, or preparing 
the bed for concrete blocks, etc. 
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The cost of dipper drcd^ng plant, cnuws and grabs, will be found by reference 
to pages 157 [o 160. 

The principal item in the cost is a quick working crane which is available for any olher 
duty, and — with the grab — will load or discharge coal, clay, chalk, [own refuse, etc. So that the 
plant need rarely beidle. 

Other combinations are illustrated and described at pages 20, 65, etc. as well as in 
Section II. of this series. 

EXCAVATORS OR "STEAM NAVVIES" are referred to at pages 144 w 146 

BARGES for use in connection with dredgers mu 
Plain open barges are, naturally, much less costly and s 
carrying any kind of materials or merchandise. 

The principal objection to their use for carrying spoil has been the cost and loss of lime in 
discharging, but these are greatly reduced by the use of cranes and grabs, or a modified arrange- 
tnenl of the suction dredger. 

HOPPER BARGES built in iron or steel, with doors and all appliances for opening or 
closing them, fitted in place, can lie obtained fully marked for re-erection at destination. The 
plates, frames, etc. are distinctively painted and their positions so plainly indicated, that no 
difficulty is experienced in rivetting up and completing them, even where skilled labour is not 
available. 

For details required for design see the following para^^ph. 

IRONWORK AND MACHINERY FOR HOPPER BARGES can also be 
obtained, ti^ether with the drawings necessary for constructing the barges in timber. If drawings 
are required, Che kind of limber to be used should be clearly defined ; also the length, beam and 
draught of water, or the carrying capacity on a given draught ; also whether they are to be 
equipped for lowing, for sailing or provided with their own steam power, in the latter case the 
kind of liiel to be used should be stated, 

OPEN BARGES. —The foregoing remarks with reference to the construction of iron, 
steel or timber barges, to be completed al destination, apply equally to plain open barges for all 
purposes. 

SLIP BARGE to carry and lip large blocks of concrete or stone, for the formation of a 
breakwater or other structure in " Pi&res perdues," consists of a strong water-tight barge with 
appliances for holdii^ the blocks in place during transit, and for releasing them when they have 
been towed to the position in which they are lo be deposited (Fig. 5001 1. 

They are usually built in timber in the vicinity where they are to be used, but the ironwork, 
releasing gear, chains, etc. can be supplied, if desired. 



GRABS AND SKIPS. 

The engravings,'^Figs.'5109 and 5110 represent respectively portable and floating cranes of 
the construction best adapted for service with gral)s and referred to in the following tables. 
Both types (of somewhat special designs) will also l^eseen in Fig. 5043 as employed in cleansing 
the dock floor and sides. 

CRANES AND GRAB DREDGER FOR HARBOUR WORKS.— A combina- 
tion which has been successfully employed in Harbour construction, is illustrated and described 
at p;^ 20. This consists of a pontoon with a powerful grab dredging crane at one end and 
one of 30-tons power at the opposite end which is principally employed in handling concrete 
blocks ; but of course, the capacities and dimensions of machinery and pontoon can be varied 
indefinitely. 

ELECTRIC CRANES AND GRABS.— An example of these is given in Fig. 5040 
which shows the crane unloading coal and delivering it to the weighing machine from which il 
is conveyed by elevators and creepers, without manual labour, to store or bin. 

These engravings, however, very inadequately represent the wide range of conditions under 
which combinations of cranes and grabs are profitably employed, but they may, perhaps, prove, 
to be su^estive of arrangements which will be equally successful for olher purposes. 

Construction of cranes, whether steam or electric. It will be seen that Ihere is nothing 
to impede the drivers view of his work, and that the arrangement of mechanism is that most 
fevourable to upkeep and stability. 
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Derrick Motion. — Appli 
flualing cranes), largely 



:s for altering [he radius of the jib, at pleasure (see prices i 
the facilities for working continuously, without moving Ih 
Leifering wild the grab. 
The prices of g^bs of the type and capacity required will be found in the following tables ;- 



Steam Cranes for Working Grams. 



Capacity of Grab 
Lining power of Crane 
Price of Portahli " 



derrick motion 



£2S 1 £30 I £a-o 
.^15 £'° £y> 






FLOATING GRAB DREDGERS (see Figs 5007 and 5043). -Pontoons 
one or more cranes can be buill in iron 01 steel and sent out complete, or ready for 
up at destination, all machinery having been fitted in place before delivery. 

In many cases, however, an existing vessel, or one built on the spot in timber, costs very 
little and probably will answer every purpose. 

The dimensions of pontoons vary so widely that the cost must always be specially estimated. 



PO' 



1 PR 



J Steam Cranes 



I Pontoons. 



Capacity of dredger cubic yards 
Lilting power of crane ... tons 
Price of steam crane for pontoon 
Extra for steam derrick motion 
Extra for pro|x.'llor and ^ear ... 


i 


i 


i 


t 


•i 

4°° 

is. 



GRAB SKIPS OR BUCKETS.— The great sarings b time and in workiiw costs 
effected by the use of these skips in handling coal, grain, sand ballast, town refuse, and many 
other materials, are mentioned elsewhere in Ihis volume, and in Section II. (hoisting machinerj'l 
from which the engravings have l)een abstracted for convenience in reference, but the following 
brief descriptions indicate, generally, ( I ) the class of materials for which each type is specially 
a lapted ; {z) the probable output per hour ; and (3I the power and appoxiniate cost of cranes 
best adapted for dealing with the difierent sizes of grabs. 
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Construction.— It will be understood that all the skips arc made of steeUnd ate suspended 
from a siivgle chain 01 rope ; also that the appliances for filling and discharging automatically 
can be adjusted to any height and are controlled by the driver. The skip and opening gear can 
lie removed in a few minutes, leaving the crane free for ordinary service. 



Fig. 5111. 

HALF-TINE GRABS. -The conslruclion shoi 
:avating in cylinders, caissons, and in clay or other 
ers and waterways, removing weeds or other obstructions, 
1 so forth. 

Prices of Half-tine Grabs, '. 



Fig. 5 'la- 
in Fig. 5111 is genei! 



Capacity in cubic yards 

Price of grab 

Geai for opening at various heights ... 

Power of crane required ... „ 


t 


'5 25 

3 5 


35 
7 


50 



The cost of packing for shipment and delivery f.o.b. is 5 per cent. 

0UT5IDE-TINE GRABS are suitable for working in looser materials than those 
last referred to, such as sand, gravel or other materials for which a (airly close-fitling V>uckel is 
desirable, but which require the penetrative action of the tines, in filling, these overlapping, 
as shown in the engraving Fig. 5112. 



Prices of Outsid 


-TINE G 


RABS, Fig. 5112. 






Capacity in cubic yards 

Price of grab 

Gear for opening at varying heights .,, 

Approximatequanlilyraisedper hour, tons 

Power of crane required ... „ 


13 


4 

3 




40 

7 


60 



The cost of packing for shipment and delivery f.o.b. is 5 per ei 
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y'S- 5 "3. 



Fig. 511 



GRAB FOR COAL, COKE, BALLAST, ETC.— Fig. 5113 represents the 
type of skip specially designeii for the purposes mentioned, and for handling other matter 
which varies widely in bulk and specific gravity. 

Work performed. — Millions of Ions of coal are every year loaded up or discharged and 
deposited in store by these self-filling and self-discharging skips, at a cost of less than id. per 
ion. An example of this will be seen by reference to Fig. 5040. 

Prices of Grab Skips, Fig. 5113. 



Capacity of grab ... cubic feet 

Price of grab ... 

Approximateweightlifte(iperhour(coal),tons 
Power of crane required 


3 


23 
3" 


37 
5 


45 

5 


50 

7 


7S 
7^ 



Theci 



of packing for shipment and delivery f.o.b is about 5 per c 



BUCKET GRABS Fig. 5114.— These are adapted for handling grains, seeds, sand 
and louse nialerials, and for raising silt, lowering grout or other matter for which a close 
fitting bucket is required. 

Grab for irreEuUr strata. — A set of light steel tines which can in case of need be bolted 
to the bucket, Fig. 5114 to increase the penetrative action when working in the (relativelvl 
hard ground sometimes fcnmd in sedimentary deposits. 

These tines can be removed or fixed in a few minutes, and— at the small cost indicate 
below — provision is maile for working continuously under all ordinary conditions. 

Prices of Bucket Grabs, Fig. 51 14. 



Capacity in cubic yards 
Pnceofgrah 


. ( 


i 


J 


J 


li 


:: 9^ 


/,6, 






.£130 


Gear for opening at varing heights 








^20 




..| £9 






£'S 


£t6 


Approximatequantitvraised per hour, t( 


IS' 17 










Power of crane required 


■■1 ' 


3 


S 


7 
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SQUARE DROP BOTTOM (MURRAY) SKIPS, F^. 5115.— The rectangular 
sliape is preferable, for some purposes, lo the cj-lindrical form described at page 73, but the 
mode of working is precisely the same in both cases. 

They are used for handling many kinds of materials and have done excellent service in 
depositing concrete under water ; the skips for this purpose are usually of J or I cubic yard 
capacity. The opening gear can be adjusled to come into operation at any height desired. 

In some cases the top of the skip has been provided with a leather, canvass, or other cover, 
but the area exposed to " vrash " is so small that this accessory is very rarely requited. 

m. — Several arrangements for opening the bottom doors have been employed, 



but that illustrated, which n 



in be adjusted to any height and varied at pleasure, is usually the best. 
F Droi' Bottom Skik, Fig, 5115. 



Price of Sl;ip '.'.'. '. 
„ Opening Gear . 


!"*'■■"■ 


i 
£S,o 


4r 


ii 


ii 


k 


ffs 


Pkices 


• Round Drop Bottom Skips 


Yig. 5046. 


Capacity ... 
Price of skip 
Price of opening gear 


cubic yards 


ii 


ii 


lo 
£S 


iio 



of packing for shipment and delivery f.o.b. i; 
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TURN-OVER SKIPS.— This well-known form of skip is made ofstec-l plate, ai 
kept upright by the catch, as shown in Kij;. 5116. When this is released, the bucket I 
Coniplelelj* over, but returns auloiiiaticallj to the upright position as soon as the conleiil! 
discha^ed. 



Capacity 


cubic yards 


i 


i 


3 


, 


Diameter at top 


... inches 


27 


34 


39 


1 43 


„ bottom 




23 


30 


34 


38 


Depth 




23 


30 


34 


! 36 


Price of Skip 




£s 4 


£6 7 


£7 15 




Extra for swivel eye in bow ... 




^0 10 


£0 10 






„ roller and pedestal ... 




£' 


£' 5 


i:. .s 


\^' ' 



SELF-ACTING TURN-OVER SKIPS are referred t 

SIDE-TIP TROLLEY SKIPS, see Fig. 5048. 

SPECIAL SKIPS vary very much i: 
the subjoined notes may he of some assistan 
the work to be performed. 

Skips for cane, sleepers, etc, are often provided with a simple attachment to st 
(hem to a travelling uiider-carriagc, the skips being lifted by slings at the end of the c 
chain with (or « ithout) appliances for tilting and emptying. 



Closed skips for small packages and fragile articles. — Much time, labour and 
Imakage may be avoided by the use of such skips, with efficient lifting appliances, in 
warehouses, laclotie?, etc. 
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Fig- 5"7- 

PNEUMATIC CAISSON.— This consists ofawrouehtironorst. 
breadlh and deplh requisite lo enclose Ihe area in which the work i 
provided wilh shafts and air-locks for men and materials. The caisson s 
Fig. 5117 and 5118, was 46-ft. long and 13-ft. wide and was used ii 
for pits at 2o-ft. or moie beiow low water. 
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The lower part of tbe caisson is a 
enter the ground to be excavated and so tenc 

The upper part is completely covered with ^r-tighl decking with apertures for iv 
shafts which connect the interior of the caisson with the ait locks above high water level, ii 
for raising to the surface the spoil which has been excavated — or for lowering materials requin 
in the execution of the works — and the other for ingress or egress of the workmen employi 
below. All doors are provided with heavy rubber facings which seal the joints and prevent Ic 
of air pressure in the caisson, or shafts. 



Kb. si>8- 

Material locJc.— As indicated in the engraving Fig. 51 iS a cylindrical chamber is attached 
to the top of an air-shaft (3-feel diameter) as shown in Fig. 5119. This shaft connects the 
caisson with the chamber, and the latter is filled with air-li^l doors at top and bottom, with 
gear of improved design so arranged that neither door can be opened until the other has been 
closed and locked, so that escape of air in the shaft or caisson is impossible. 

LiftiaE gear. — Materials are lifted or lowered in steel skips which nearly fit the shaft, 
power for that purpose being transmitted from the double cylinder engines attached to the side 
of the chamber. So soon as the loaded skip is above the bottom door, this is closed and the top 
door opened. The skip is then lifted by the curved jib hand-power crane, slewed clear of the 
chamber, and the spoil tipped into truck or barge. 

A steam crane, or derrick crane (Figs. 5037 and 5084) are frequently used for this service, 
but the appliances indicated were more convenient in this case. 

The man-lock, also 3-ft. diameter, differs in arrangement from that last described and is 
constructed as shown in the Diagram, Fig. 5119, for facility of ingress and egress for the 

The outer chamber is divided into two compartments, and all the doors in both inner and 
outer chambers are made to close inwards for the double purpose of being completely controlled 
liy the men inside, and for the tendency to keep light under air pressure. 

The workmen coming up the ladder, remain in the outer chamber unlil the inner door has 
lieeii closed and they have become accustomed to the difference in air pressure. The outer door 
is then opened and there is no loss of pressure inside ; the sequence of these operations is, of 
course, reversed for men going down. 
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^ 



Ji 



H 



The air compressor supplied with this plani was of the most improved direct -aclii^ type, 
and was lilted wilh fly-wheel on each side to maintain even turning movement. 

Seeing that cessation or reduction in pressure, for even a very short lime, might iead to 
serious if not fatal consequences, it is imperative thai this and all other parts of the plant should 
be thoroughly reliable. 

Steam supply.— The boiler was of the locomotive type, of ample power for supplying 
steam to the compressor engine and to those on the material -lock, but — in this case as in many 
others— it was more convenient to have a small boiler alongside the lock -engines, and a vertical 
boiler was provided for that purpose. 

The caisson and shafts can be supplied marked rf 
in this instance they were buiit in the vicinity of the si 
in advance of the shipment of plant built here. This consisted of ; — 

The materiai-lock complete with engines and steam and hand-lifiing gear ; top and 
bottom doors and appliances for manipulating ihem, all ready to attach to 'he 
air shaft. 
The man-lock, fitted as described, ready to attach to the air-shaft. 
The ait -com pressor, locomotive boiler, fittings and connections. 

SINGLE AIR LOCK FOR MEN AND MATERIALS.— A simple and 
inexpensive form of pneumatic chamber, suitable for locks of moderate proportions, is indicated 
in the engraving Fig. 5120. 

Construction. ^The lop plate of the lock chamber is secured to the top plate of the 
caisson (or cylinder Ranges) and is fitted with a flap door at top and a vertical door at side, for 
access to caisson, as shewn in the engraving. Space is provided for the materials (or a man) u> 
be clear of both doors, and both being easily opened or closed, the necessary facilities are afforded 
for ingress or egress of men or materials. 

The lock chamber is built of mild steel, and the dimensions or form can, of course, be varied 
to any desired extent, but as a rule it does not need to be more than 5 feet to 5 foi;t 6 inch deep. 
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MODE OF WORKING.— A simple winch fixed inside the caisson lifts the materials, 
and when Ihey have been raised level with the floor of the ait-lock chamber, the door is opened 
and the skip passed inside. The door is then closed and air allowed to escape from the chamber. 
when the top door lowers and the skip is removed. 

COFFER-DAMS AND CAISSONS to 

for ihe construction of suli-aqueous foundations, are 
ground and the depth to be reached below water levei. 

A timber coffer dam is formed by driving piles around the area, to be enclosed, either 
to totally exclude water so that work may I* carried on continuously, or partially so to admit 
of working at low or half-tide (tide. work |. In the latter case sluices are provided to accelerate 
the outflow of water the rest Leing pumped out. For pile drivers see pages 42 to 49. 

Foundatioiis on rocks, or of great depth below water level, are however usually put in 
by the (now) well-known pneumatic system, generally useful examples of which are shown in 
Figs. S"7 »"<' S"S. 

DIVING BELLS, see page 168. 

DIVING DRESSES AND OTHER DIVERS' PLANT, see pages 166 to 170. 

NAVVY TOOLS AND STORES, see pages 118 to 135 
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DIVING AND SUBMARINE APPARATUS. 



Fig. 5122. 
s required for efllcieiitly carrying out submarine operations for 
^ , lercial purposes, is so large that the subject cannot he exhaustively 

treatea wittiin the limits now available, but the outfits referred to below usually suffice for 
investigations or work in rivers, harbours, and docks, and for examining the condition of 
ships afloat. 

NOTES ON DIVING.— Althoueh the pressure of waler— increasing in proportion 
vuith Ihe depth — is uniform on Ihe surface exposed, it is well known that the effects on the 
system, of air at the high pressures about to l)e referred to, are such that some divers cannot 
descend with impunity to a greater depth than 80 feet, although others work for a considerable 
lime at depths up to 150 feet, and a deplh of 204 feel has been reached by a diver of exceptional 
strength and tramjng. 

The air pressure per square inch of surface exposed is about 8} lbs. at a depth of 
20 feet, I7i lbs. at 40 feet, 34ii lbs. at 80 feet, 65 J lbs. at 150 feet, and so on in proportion to 
the increase in depth below water level, and as the pressure to which the diver is exposed 
causes acceleration in the flow of blood to the head, it is desirable that the speed at which the 
descent and ascent (especially the latter) is made, should be regulated according to the depth of 
working and the man's physical condition. 

It is scarcely necessary to point out that men of weak habit should not be employed, that ' 
divers should be abstemious, and that no food should be taken within at least two hour^ of 
coininencing operations. 



Divers are expected to be in altendince about half-an-hour before 
r dressing, but arrangements of this kind, length of shift, etc. an 
it local conditions. 
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Dinilg dresses should be cleaned and thoroughly dried before being put away, and ari) 
part which has been cut or frayed by wear, should be at once repaired by the application of 
rubber solution and prepared canvas, a supply of which should always be at hand. The 
underclothing will of course be well aired and mended when required. 

It is essential that everything should be washed with fresh water and be perfectly clean and 
dry before it is packed for storage. If this is neglected, damage from decay is almost inevitable. 

The air pumps must be kept clean and lubricated, when required, with a mixture of 
neats-foot and olive oil ; no other oil should be used for this purpose. 

r for one diver consists 
supply 

The diving; dress is made of two thicknesses of strong double twili with sheet rubber 
lietween them, vulcanised India rubber cuifs forming water-tight joints around the wrists, and 
rubber collar, the boots have lead or iron soles and are protected by gun metal 

The helmet is of planished tinned copper fitted with neck rings to make a water-light joint, 
ihree sight holes with thick plate glass in brass frames, and is complete with lead weights back 
and front, and all accessories including those which enable the diver to control the supply of air 
and to return to the surface if, from any cause, the air supply is unsatisfactory. 

The equipment comprises a strong leather waist belt and gun-melal pipe-hotder, diver's 
knife in metal case with spring attachments, signal line, helmet pad, helmet spanner and 
lock-up chest. The underclothing consists of two strong guernseys, two pairs of drawers, and 
two pairs of stockings (all hand-knilted), woollen caps and twelve rubber cuff rings. 

The air supplj is provided by a. single cylinder double-acting compressing pump, with 
gun-melal barrel and valves accessible for examination. The pump is surrounded by a copper 
cistern for water to cool the air supplied to the diver and enclosed in a hard wood case which 
is fitted with lifting or lashing rings, and carries the gear for working the pump by hand power : 
a dial gauge indicates the depth at which the diver is working and the pressure of air supph-. 
The air is conveyed by flenible rubber and canvas pipe, with embedded spiral wire, in two 
lengths of 45-fl. or 90-fl. in all, and the necessary gun-metal couplings. 

The price of dinng apparattis for a maximum depth of 60-fl:. and as above described. 
isaljout ... ... ... ... ... ... ... ... ^65 

DIVING PLANTS FOR DEPTHS UP TO 100 FEET for one diver. The 

diving dress and pump are as last described, excepting that the proportions of the latter are 
suitable for the increased depth ; a laiger equipment of underclothing is provided and a strcrj^ 
canvas overall, with tool pockets, to protect the diving dress from abrasion when working in 
rough places. 

The air snpplj pipe is loo-ft. long in two legths of][50-fl., unless otherwise desired, an<l 
is fitted wilh ihe necessary couplings. 

The price of diTing tqiparatus for a maximum depth of 100 feet is about ... ^90 

DIVING PLANT FOR DEEP SEA WORK for ore man, suitable for salvage 
work, sponge or pearl tishing and most diving operations, is provided with one helmet and two 
diving dresses with fittings as last mentioned, but a larger supply of underclothing. 

The equipment comprises four woollen guernseys, four pairs of drawers, four pairs uf 
inside and one pair of overall stockings, woollen cap, neckerchief, twelve rubber cuff ring';. 
and 180 feet of signal line. Also rubber cloth and solution for repairing dresses, spare frame 
for helmet complete with glass and guard and two spare glasses forhelmet. 

The air-pump has three cylinders with single acting plungers, all of gun metal, Iwo fly 
wheels on the crank shaft dial pressure and depth gauge, and all accessories. The pumps nre 
enclosed in a hard wood case with lifting and lashing rings, and litled wilh spanners for all 
pans, spare washers for air pipe pumps and helmet, and spare nuts for helmet. 

The price of the diving apparatus with three 50-ft. lengths of rubber air pipe and con- 
nections is about J^-JJO 
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cuff rings, 2 cuff expanders, protectors for the abdomen, urinals, 2 signal lines each 150 feet 
long, rubber cloth and solution for repairing dresses, 2 spare frames for helmets with glass and 
guard, and 2 spare glasses. 

Air pumps. — Two gun-metal double-acting pumps furnish an ample supply of air for two 
divers to work independently at depths not exceeding about ico feet, but arrangements ate 
provided whereby die full volume of air can be concentrated for the use of one diver at greater 
depths ; all valves are accessible (of examination, and the air is cooled and cleansed before it 
passes into the supply pipe. 

The crank shafl is fitted with fly wheel and handle at each end, and a gauge on each pump 
indicates the pressure of air transmitted and the depth at which the diver is working. The 
pumps are enclosed in a lock-up teak case with lifting and lashing rings, aud tools required for 
working and maintenance. The pumps are usually worked by two men. 

Tbe price of the apparatus with four 50 feet lengths of embedded wire air pipe and 

^'65 



Diving dress, strong twill and rubber .., ... ... .,,600 

,, ,, „ with urinal ... ... 6 10 o 

Diving boots with lead soles, per pair... ... ... ... z 10 o 

Copper helmet, tinned and planished, with three eyes, shoulder 

piece, weights back and front, and all necessary valves and 

fittings ... ... ... ... ... ... zo o o 

Helmet shoulder piece with screw, nuts, etc. ... ... 850 

Helmet pad stuffed with hoj-se-hair ... ... ... ..056 

Helmet glasses, each ... ... ... ... ...046 

Screws and nuts for helmets ... ... ... ... ,..036 

Strong canvas overall coat ... ... ... ... ... o 15 o 

Air supply pipe, rubber and spiral wire, per foot ... ,,.026 

,, ,, best floating „ ... ... o j o 

Gun-metal couplings, for air pipe, per pair ... ... ...070 

Prepared canvas fot repairs, per square yard ... ... ...086 

Rubber solution, per i-lb. tin ... ... ... ...036 

Best India rubber cuffs, per pair ,,, ... ... ... o 11 6 

Wrist bands, per pair ... ... ... ... .,,046 

Wrist rings, per dozen ... ... ... ,,, ...046 

Bucket leathers, per set ,., ... ... ... ,,.086 

COMPRESSED AIR DIVING BELL.— A steel cylinder about 8 feet high and 
6 feet diameter, resembling a portable air-lock as used for pneumatic foundations, has been used 
for working in 160 feet of water. The bell weighs about yooolbs. and carries looolbs. sinking 
weights as well as water ballast chambers holding looolbs. of water, which can be pumped out 
in the event of accident to tlie lifting gear ; the sinking weights can also be detached from 
the inside. 

The be , . , „ . , 

by the men for laying cartridges, fixing grapples, etc. lowered fr 

DIVING BELL PLANT.— The bell is rectangular and is now usually constructed 
of wrought iron or mild steel, with strong suspending clwins, provision for cast-iron or other 
ballast, and fitted with safety inlet valve, lop lights, speaking tube or telephone connection to 
surface, sealing accommodation, and electric lights If desired. 

The ait pumps, ait supply pipes and olher fittings are similar to those already described, 
and of dimensions to provide for the absolute safety so essential in all diving apparatus. 

DIVING BELL FOR SUBAQUEOUS FOUNDATIONS.— Another successful 
example of Diving Bell work is furnished in the operations carried out in the removal of 
concrete block Pier work, which had collapsed, and subsequently in preparing the bed for the 
wider foundations provided for the new work. 

The dimensions of tbe Diving Bell are: Length, 12 feet; width, 9 feet; height, 
6 feet. Four men work in the bell and put the materials excavated into a large box in the 
middle of the bell. The men can remain below from six to eight hours, and there has been no 
case of caisson sickness. 

Stetun maches aud odier lifting appliances for manipulating diving bells are fully 
described and illustrated in Section II. of this series. 
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SUBMARINE LAMPS.— The efficiency and flexibility of the electric lighl peculiarly 
adapt it for submarine investigation wliere the water is clear enough for artificial light of any 
kind, to be usefully employed. 

If current from a dynamo is not available, batteries can be obtained capable of supplying 
lamps of 20, 40 or 60 candle power for 5 or 6 hours, but supply from a dynamo is, evidently, 
in every way preferable. 

The oxjhjdrogen safety lamp, originally invented for exploration in mines, chai^d 
with noxious or explosive gases, can also be used for submarine operations. 

TELEPHONE FOR DIVERS.— A receiving instrument is fixed in the di 



diving bell, and connected by a light cable with a complete telephone apparatus 
in a strong case which is placed where convenient. The same appara.tiis is used with equal 
advantage for ordinary or submarine service. 

DIVING APPARATUS WITHOUT AIR PUMPS.— The diving dress and 
helmet are similar 10 those already described, but fitted with connections to a copper cylinder 
which is chatted with compressed oxygen gas. This cylinder is carried on the diver's back and 
alongside it is a metal box containing ingredients which filter and revivify the breath exhaled 
by the diver. 

The air thus purified is returned to the helmet and re-oxidised by taking up the requisite 
quantity of oxygen before it is again inhaled by the diver. 

The price of the appaiatus including helmet, diving dress, boots, cylinder for oxygen, 
filter and fillings is about ... ... ... ... ... ... jt4S 

APPARATUS FOR PROTECTION FROM NOXIOUS GASES.— The 

principle of the apparatus is similar to that last described, but a mask and respirator are 
substituted for the helmet and diving dress, provision being made for filtering and revivifying 
the exhalations. 

Exploration may be carried on with impunity for abovil four hours in smoke, choke damp 
or other noxious gases with all the facility afforded by wearing only ordinary dress. The 
apparatus may also be used for diving to moderate depths. 

The price of the mask and accessories is about ... ... ... ^20 

OXYGEN GAS MAKING PLANT.— The cost of appUances for producing and 
compressing oxygen gas is about ... ... ... .. ... ^30 

COMPRESSED OXYGEN can be obtained in cylinders containing 30 cubic feet, 
at s cost of about 6d. per cubic foot. 

SUB-AQUEOUS BLASTING.— The under-named appliances will l>e found useful 
for a wide range of work, including breaking up wrecks, blasting rock or other matter requiring 
removal, and the prices being given in detail the increase or deductions for additional or reduced 
quantities required, can lie easily ascertained. 

MAGNETIC EXPLODER.— One of the simplest and most easily managed appliances 
for generating electric current for blasting is the horse-shoe magnet, with armature contact 
arranged to increase the intensities of current about five-fold, and explode the charge. 

The price of the exploder for firing five fuses in circuit, enclosed in lock-up hard wotid 

=^^-.i'^t™t ^13 

Insulated reel for coiling cable, in case with drawer for tools and accessories, costs about j^8 
1 the dta' 
lla percha covered copper connet 

Cable covered with rubber and canvas costs al«ut £s P^' loo-ft. 

The price of fiises for dynamite is al«>HI 4/- per dozen. 

The cost of packing for shipment and delivery f.o.b. is usually 5 per cent, 

SUBMARINE ROCK DRILLING.— Pulling down blast holes under water 
manual labour is always a sluw and expensive operation, if— as is sometitnes necessary — * 
be done by divers, but both lime and cost ""=■■ i-" ..■..■-i' ™.i"^,.,i h„ ...ri^^ o r^,.-.. ■„,.,... 
the type illustrated by Fig. 5137. Other 
page 170. 
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Percusnve driU plant— The drill is worked by compressed air. the compressor and 
engine for driving it being mounted on »r\ air receiver which is complete with pressure gauge, 
safety valve, blow off cock, connections for tube for air supply to drill, etc. 

Effidenc7 of sub-aqueous drills.^A Russian authority (Naval Constructor Beliankin) 
finds that drills driven by compressed air, drilling in granite or other hard substances, work as 
■well under water as in open ground. 

The drill is precisely similar to those used in granite and ordinary stone quarries, mining, 
etc, and is mounted on a strong tripod adjustable for the drill to work at any angle. 

The same drill can also be used in connection with a stretcher bar carrying one or more 
drills, as sometimes required in sinking cylinders, mine shafts, etc. 

The price of the drill plant including air compressor and engine, air receiver with 
fittings and connections, drill with adjustable tripod and weights, jo feet of flexible special hose 
with connections to compressor and drill, a set of 20 steel drills and swages for sharpening them, 

The price of a stretcher bar to carry one or two drills is usually about £12 

The price of a vertical boiler with cross tulies. chimney and fittings is about ^80 

DIAMOND ROCK-DRILLING AND PROSPECTING MACHINES are 






SALVAGE AND WRECK-RAISING PUMPS.— Information relating to 
centrifugal pumps, pulsometcrs, etc. which are principally used for these purposes will be found 
at page 3 and elsewhere in Section III., but the following approximate pnces f 
pumps with vertical direct-acting single cylinder engines may be useful. 

The machinery is carried on the base plate which can be bolted to temporary or permanent 
foundations and is complete with appliances for slinging and handling. The steam supply may 
be taken from the salvage steamer's boiler or from one specially provided. 

The cost of boilers and connections, of all kinds, will be found in Section I. 



Prices 






Diameter of pipes ... ... inches 

Capacity gallons per minute ... alxiul 
Approx. price of pump and engine 
Extra for brass disc 

brassspindle ... 


6 
So 


8 

f 


1650 
.£150 


2400 ; 3250 


16 
4300 



The cost of pocking for shipment and delivery f.o.b. is about 5 per c 
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riant of the most modest character frequently suffices for (he earlier stages of quartyi:^ 
operations, but, as the works develop, machinerj-is gradually acquired to provide for ascertained 
wants, and — in the absence of clearly defined plans, drawn up by an expert, for working on a 
large scale — this is usually tlie most convenient and satisfactory mode of procedure. 

As manual labour forms such an important item in all quarry cost-sheets, and sufficient 
Bccotnudation for workmen is rarely available in the vicinity of the quarry, it is evident that 
indiciously selected quick working power plant must yield a good return on the capital invested, 
by reducing the oullay for labour and latgely increasing the output. 

The quantity and kind of plant that can be profitably employed depends, of course, on the 
nature and extent of the workings, but there are few, indeed, where steam cranes and rock drills 
will not prove to be a paying inveslmenl. 

Power employed. — Before referring to the machines themselves, it may be well to consider 
the various modes uf applying power which are available under different local conditions. 

STEAU POWER, applied direct to the machine, is usually the most convenient mode 
of driving. There is rarely a scarcity of men conipetcnt to drive and stoke, and, until quite 
recently, scarcely any other mode of driving was contemplated. But difficulties have presented 
themselves in the writer's expeiience, such as unsuitable water, or short supply, high cost of fuel 
when delivered at the quarry, and so forth. DiHicullies of these kinds may be overcome by 
the adoption of alternative modes of driving, .such as those about lo be referred to. 

ELECTRIC POWER,— The great elasticity in transmission of power by electric 
current, almost regardless ot distance or direction, apart from other advant^es and economies, 
referred to elsewhere, render electric transmission invaluable under circumstances where ^lower 
cannot be provided under favourable conditions (if at all) by other means. 

The Cranes and machines empIo}~ed about a Quarry are driven by electric power jtist as 
easily as by sleam power, but the Dynamo house, from which the current is conducted by cable 
or wire may be at any reasonable distance, the motive power for driving the Dynamos beinc 
located where supplies of fuel and good water for steam boilers is most conveniently obtained 
or — better still— where the supply of water is sufficient for working by a turbine or water wheel. 

Approxiinate prices of Dynamoa, Motors, Engines, Turbines, etc. of usual powers 
will be found in Section I. of this series. 

GAS AND OIL ENGINES are used with advantage, in some situations, for driving 
Dynamos, stone-working machmery and air compres.'^or used in connection with rock drills, but 
they have not hiUietlo been successfully applied to cranes or portable machines. 

Approximate prices of such engines will be found in Section I. of this series. 

ROCK DRILLS, driven by steam direct or by compressed air, are illustrated and 
described at pages 185 lo 193, so that it will only be necessary lo say here that drills vvorked 
by steam supplied direct fnmi the Ixiilet give perfectly satisfectory results in open quarries and 
cuttings. If one or two inexpensive vertical boilers are provided for service with drills to be 
used in isolated places for opening up, etc. they will often save the cost and incon- 
long lengths of steam pipe. Such a plant costs much less than an installation for 1 
compres.-ied air, but litis system is in every sense preferable, if not absolutely 
for working in be.idings, tunnels, dee|> shafts, or other confined spaces. Some notes nereon wilJ 
be found at page 190, and prices of lioilers. tubes, etc. in Section I. 

SAFETY DERRICK CRANES similar to those illustrated by Figs. 50S4 and 5124, 
are effective over the greater portion of an area of 100 lo 120 feet diameter ; if fixed in a central 
position this frequently answers every purpose in the earlier stages of development, and the 
crane is so ea-sily moved, that there is no difiiciilty in fallowing up the workings, and te-fiiing 
it where desired. The engraving at page i?4, represents a, useful type of sleam crane for 
ijaairy and building operations. The jib is 50 feet long, and the lifting power 10 tons. 

FIXED AND PORTABLE DERRICK CRANES are built of all powers from 

i to 50 tons, to work by steam, electric, hydraulic or hand power, and with iibs of any length 
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STEAM QUARRY CRANE.— The engraving represents a crane ol 25 ion? power, 
having a radius of 28-ft. , it was specially built for dragging large blocks of slones out of a quarry 
and loading them on (rucks for delivery. 

The proportions, are massive throughout, and a fealure in these cranes is, thai ihey can be 
adapted for any gauge of rails, 3-ft. 6-in. gauge, being, in fact, that of the crane illustrated. 
Stability on this narrow gauge is provided by the blocking beams which take a bearing al each 
^de of the under-carriage and relieve the track of undue strains ; on [he narrow gauge the jib 
must be parallel with the line when the crane is moved. 

Spedalconstruction.— Many ofthesecrancsare constructed to lift, turn round, alter radius 
of jib and travel by steam power, all motions being transmitted from [he crane engines and 
controlled by one man ; in some cases, however, links connecting the tie rods with the crane 
sides which gives as shown in the engraving, five variations of radius, are preferred to the 
mechanism for altering the radius by steam power. 

HaulinB; appliances.— This and other qoarry cranes are fitted with appliances for hauling 
lai^e bloi ks lo a point within the radius of the jib, or for moving the crane itself. This consisis 
of a pair of links, connected with the revolving bed, between which a snatch block is fixed ; (he 
lifting chain is carried down the under-side of the jib and is led by a chain pulley at its foot 
round the above-named snatch block. This gives large hauling power without improper strain 
on any portion of the structure. 

A similar result is obtained by hauling capstans, on one or both sides of the under- carriage. 
The capstans are driven by the crane engines, but this system is scarcely so elastic and generally 
useful as that last mentioned. 

Handling rubble.— Much useful work is done by a self-acting grab bucket, (see 
pages tjS to 159), which is attached to the lifting chain, and used for clearing away ijuarry 
debris, handling coal or minerals, suliaqueous dretiging and so forth. 
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PORTABLE SAFETY DERRICK CRANES.— An exiremely useful form ol 
crane for quarries (and for nianj- olher piirposesi is illustrated by Fig. 5006. 

The mast and back tie sleepers being carried on bogie Imclcs the crane is easily moved 
in any direction, and the extreme length •>( jib. frequently indispensable U>t tixed cranes, is 
not required. 

PORTABLE CRANES of the \arious Ijpes referred to at {rages 60 to 65, and 
in greater detail in Section II. of this series, become absolutely essential in la^e quarries, for 
clearing up debris, loading quarrj trucks, raihiaj wagons, etc. If filled with locomotive 
gear— as most modern steam cranes fur cjuarry use are--they render invaluable service in 
hauling, as well as in loading and diicharging all kinds of rolling slock. The engraving 
Fig 5036, ill list rales a crane of 5 tons power, to b ft, slew, alter radius ol jib and travel by steam, 
for which a gold medal was awarded at the Paris Exhibition of 1900. 

Prices and engravings of portable cranes of various types and powers will be found 

The power of Quarry Cranes is usually 5, 7 or lo 
years has been in the direction of larger powers up tu 25 tuns (a 
these, however, i( should be noted, require a specially good n 

-t>a 
^or 

Whether they shall be worked by steam, electric or hand power, is purely a question of 
convenience, but as cranes of this construction can rarel]- be at all continuously einployed, hand 
power — which is the cheapest form— frequemly answers every purpose. 

Illustrations of these cranes uitl 1« found at pages 21 to 23, and further information ai 
pages 9 10 17 of Section H. 

OVERHEAD TRAVELLING CRANES diiven by steam or electric power, by 
endless rope, longitudinal shaft, and by hand power, have beAi succestfully used in quarries 
under widely dlFfering conditions. 

In most cases one or other of the systems already mentioned, or a combination of them, is 
preferable to overhead cranes ; but the undernamed arrangement, for which the writer is 
responsible, has been completely successful in several marble quarries. 

Description of workings.^The area of ground to be opwed at one lime for the 
development and working of the quarries being restricted, a limber gantry alwul ix feet high 
was erected to give a span of So feet, a traverse of 100 to 130 feel, and carry an endless rope 
overhead travelling crane of 20 tons power ; this was driven by a portable engine at one end tf 
the gantry. The niaximuni depth of working, in this instance, was 80 feet. 

A rectangular pit is formed between the lines of gantry, and the marble extracted from 11 
is raised liy the crane, and traversed tu one end, where it is deposited on trucks for transport by 
temporary railway to the main line, or to the dressing yard connected with the quarr)-. 

As the deposits were exhausted the grtnmd was filled in and made goo<l, and that section of 
gantrj- renioi ed for re-erection at the olher end. 

Other installations, such as overhead ropj wavs, sleain travelling cranes, and drivii^ by 
longiludinni shaft, have lieen employed under similar conditions, but on the whole they are 
scarcely so salisfactorj" as ihose driven by electric current or endless rope. The supply of fuel 
and water fur a steam traveller, the escape of steam and the risk of Injury to workmen from hoi 
cindeis falling in the workings, ate dr.iwlnicks which arc absent when the other systems are used. 

WINCHES, CHAINS, ROPES, BLOCKS, Etc. suitable for quarn' work arc 
referred 10 at pagts 123 to 126 and z.p to 234. 

REPAIRING SHOP, STORES, Etc. Smiths' hearths, tools, and some steel and 

If much machinery is used and n<i local engineer's shop is available for repairs, the 
undemametl tools will prulnbly effect considerable savings in lime and expense, 

A sb ding surfacing and screw cutting lathe with S-iiich. centres and bed about iz-feet long ; 
a small drilling machine, Ixill and pipe screwing laikie and a few fitters tools, spiiit level, 

Thecost of these tools will he al>oui ... ... ... ... ... j^iS" 
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PORTABLE RAILWAYS FOR QUARRIES.-The kind and qiiantiiy of light 
mil way planl tu \>e piovided, naliinilly depends an llie character of ihe workings, ihe length of 
lead for saleable malerials, dispiisal of ddiris am! many oiher local conditions, Itiil all 
i^xperience puinls lo the advantage of having a sufficient supply of track, itucks and other 
necessary tight railway nialerials ; alsu of rails <•( heavier section lur carrying cranes, and mnin 
line or other heavy rolling stock. 

When considering the mode of (taction to be aiiopteii, it will no doubt be borne in mind 
that the cost of maiiilenauce a( roads is far higher for hor^e than for locnniolive traction, and 
that the higher speed and greater hauling poiier of the latter are suinetinies of great advantage. 

RAILWAY MATERIALS, LOCOMOTIVES AND ROLLING STOCK.- 

Infiirmalion on these subjects, the s[x?ed and tractive power of loconuiiives on different 
grnilieiits, and on other matters connected with light railways, will \>e found at |iages 89 to 109. 



STONE AND MARBLE WORKING MACHINERY. -This subject is treated 
in >ii.)nLe detail further on, and the principal otijecl in alluding to it here is ici |X)int out the lai^e 
saving in lime, cost of carriage, hnndhng, etc. which is eliecled bv having machinery al the 
luiarry ilself for finishing the work to lie delivereil (if reijuired) at the site rcailj- for building into 
ihe walls. The laqp; area indispensable for builders' materials, and the continuous increase 
in the value of land in central positions, ninst leail I» more and more work lieing finished 
at the quarries instead of by the builders themselves, however well equipped they may l>e. 



STONE AND MARBLE WORKING MACHINES. 

The pioneer stone sawing and dressing machines — although sonieivhat eriuio^have 
tendered good service in demonstrating the great saving in time and cost iil working eli'eclixl 
iiy mechanical appliances, and the directicni in which impiovenicnis coidil be niiido ; the 
machines now referred to represent some of the modem types which haie been tlioroiighlv tested 



J 
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Fig. 5125- 

STONE CHANNELLING MACHINES, -Fig. 5125 illustralesa machine which 
cuts a groove on one or Ijoth sides of the track, as desired, and —when working in Sandstone— 
to any depth up to 6 or 7 feet, leaving a straight and clean cut face similar to that produced liy 
.sawing. When both tools are used, the giooves are about 7 feet 9 inches apart, but as already 
indicated, one side onlv can be operated, and the machine moved to cut grooves to any ividth 
desired. The mean width of the groove is about 2J inches. 

The Mochinety is constructed largely of steel, and consists, as will be seen, of a boiler, 
engines, steel jumpers, and gear for working them, all being mounted on a strong travelling 
caifiage which is complete with all appliances for working and for easy removal to other parrs 
of the quairy. See also article on " Rock Drills." 

The price of the machine with jumpers, spanners, l<>ck-up tool chest, driver's tools anil 
50 to 60 feet of track, is alxjHt ,.. ... ... ... ... ... jfjjo 

The weight is alioul 5 tons, and the cost of [xicking for shipment and delivery f.o.b. is 
about s per cent. 
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The duunond saw. — Black diamonds (Bort or carbonates) are firmlv fixed in ihe periphery 
circular saw pUte, and the saw, saw guides, water supply, etc. are move<} along the saw spindle 
for adjustment for a fresh cut, so that there is no loss of time in moving the stone. 

Ijusted within a range of about 2^ inches to lo incheti 



Diameter of Saw feet 

Maximum depth of cut ... ... ... ...inches 

Price of Machine 


5 


a 
30 


7 



The cost of patliing for shipment and delivery f.o.b. is about 5 percent. 

STEEL CIRCULAR STONE SAWING MACHINE ot the well known type, 
illustrated by Fig. 5127, divides a block into two or more parts, according to the number of saws 
used. One man attends to the machine, and it is capable of turning oiil clean work, ready for 
polishing, at the rate of about 40 superficial feet per hour. 

Machinery. — The saw spindle is driven by double purchase gear with adjustable 
bearings fitted in strong frames at each side of the travelling table ; this is usually about 
12 feet long and 5 feet 6 inches wide, the whole iieing mounted on a massive cast iron bed 
plate. The table on which the block is fixed has three speeds of feed, and quick return 
motion for clearing away the work, and replacing it with a fresh block. 

The saws are of cast steel and the teeth ai 
four saws are fixed on the saw spindle, as reiju 
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Approximaie depth of cut ., inches 

Price of machine 

Approximate weight tons 


9 
7 


'5 


'k 


-^340 
17 


f 

Z4S" 



The cost of packing for shipmenl and delivery f. o.b. is about 5 per cenl, 

PNEUMATIC STONE DRESSING TOOLS.— The sueeessfn] employmeni <,i 
compressed air for working rivclling, caullcing and other engineers' tools, has led to llit 
ap])Iication of the system for dressing and working stone or marhle. 

The tools are made in various sizes, stiitalile for the most delicate carving and statuary 
work, to the heavy cut reijuired for rapidly dressing all kinds of marhle and stone, includinj; 
the hardest granite. 

The cost of the tools ranges from £to to £2^ 

OTHER TYPES OF STONE WORKING MACHINERY.— The foregoing 
and following engravings and descriptions by no means exhaust the subject, but they represent 
the standard types of machines which have been lai^eiy and successfully empluved, and there 
is little difliculty in designing machinery to fulfil special conditions, if full details are supplied 
relating to the liind and i|Uanlily of nurk to be performed. 

SWING FRAME STONE SAWING MACHINES.— Fig. 5128 represents a 
machine to occupy mininmm spnce, the working parts balanced to admit of running al 
high speed, and «'ith bearings piulcctcd — as far as possible — from contact with grit, etc. 

Constrtiction. — The swing frame is built of steel, and carries saws to cut slabs of any 
thickness down to one inch. This frame is raised or lowered by steel screws driven by povet, 
but hand gear is provided for final adjusiment when commencing a cm. The feed motion ii 
self-acting and can Ix regulated to give the cut desired. 

The inner faces of the columns are planed, to ensure the slide blocks working parallel with 
each otlier, and the lifting screivs are protected by the flanges of the columns. 



AI'PLEBY'S HANDBOOK OF MACHINERY. 



The prices include fast and loose pulleys sn the main driving shaft, fittings fur wat 
supply, and a stone carrying truck to keep up the supply tii the machine. 

It is de^rable to have a second truck, which can be loaded and immediately replace l! 
work ready for removal from the machine. 



Maiiimmn length of cut feel 

widlh of cut 

height of cut 

Price of machine 

Approximate weight ... ... ... tons 


S 


4° 


6 
6 

9 


6 
6 



Thec< 



t of packing for shipment and delivery f.o.b 



iially about S pet ( 



STONE PLANING AND MOULDING MACHINE.— Fig. 5129 illustrates 
a machine which, worked by one man, will turn out as much planed or moulded work, of any 
size within the limits of the machine, as can be done in the same time by 10 or la skilled 
masons, and quite ready for the builder. 

The principal features are, that the travel of the table can be adjusted for long or short 
stones, the cutting tools act in both the forward and backward traverse, and moiddings or other 
work, fixed on the rocking table which is carried on the main travelling table, can be finished 
on three sides with one selling. The tool tx)x is moved across the machine by a quick feed 
screw, and the cross slide is raised or lowered quickly by power, the linat adjustment being 
controlled hy hand. 
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Siies and pnices. — The dimensions are ihose to which stones can be dressed lo Irue 
clenn surface. The BpproximHte prices are fur machines of standard dimensions, but these car 
increased, 01 a longer table provided, if required. Any of the machines can 1>e fltled i 
coll met- weight box, and gear for balancing the cross slide, at an extra cost of ^^15 lo ji^20. 



Length 


stone dreswd eet 




12 








3^ 






Height 




a 








""^'""^ 


/220 


£^iS 


£m 



The cost of packing for shipment and delivery f.o.b. is usually about 5 per cent. 

MULTIPLE SPINDLE AND RADIAL ARM POLISHING MACHINES, 

: not illustrated becauiie they are ustially designed and built to suit the sizes, quanliiy amt 
iraclet of work to be performed, and are very efficient when so constructed. 
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VERTICAL SPINDLE STONE POLISHING MACHINE.— Thedminegeai 
is arranged for fixing lo a wall or post, as indicated by Fig. 5130 ; this machine will do as much 
work as 6 or 8 skilled workmen. Where power is at hand there are few stone dressing yards 
which cannot profitahlj- employ one or more of these machines. 

Theprice of the machine is ... ... ... ... ... £2$ 



Fig. Siji- 

HORIZONTAL STONE POLISHING MACHINE.-The simple, but efficient, 
machine illustrated by Fig. 5131 consisls of a circular table carried on an iron foundation, with 
gear for rotating the table, as indicated in the engraving. 

Mode of workins-— The atone in be polished is laid, face down, on ihe uble and held 
in position by timber framing in the usual manner, the rotation of the table with free use of 
water and sand, quickly polishing the surface. The overflowing water and grit are collected in 
ihe trough surrounding the table and are available for further use. 



APPLEBY'S HANDBOOK OF MACHINERY. 



Work performed —The a 
character of ihe materials, but a 
by the medium sized machine. 



Prices o 


r Stone Polish 


NG MaCT 


INES. 






Diameter of table ... ... feel 

Price of machine 

Approximate weight ... tons 


8 

.^■lO 

5 


1 ' 


41" 



The cost of packing for shipment and delivery f.o.b, is alxJUt 5 per cent, 

CRANES FOR DRESSING GROUNDS. — The advantage of a judicious 
e<{iiipment of cranes for stacking, serving machines, loading up, etc. has long been recognised, 
and the following notes will indicate (to those who are not familiar with Ihe subject) ihe types 
which have given satisfactory results in regard to efficiency and return on capital expended. 

Whether the cranes should be worked by manual power or driven by steam, electric, 01 
other motive power depends on conditions too varied to lie capable of definilion. The writer's 
experience is, that the lirsl installation of machinery of this kind is usually worked by ham) 
power, but (hat the increase in demand — resulting from the quick delivery, accurate work and 
reasonable prices which can be attained by machine work — very often leads to the substitution 
of steam, or other power, for a portion (if not for all) of the cranes. 

Portable ^oliaths, or overheaxl travelling Cranes arranged to command a large 
yard area and — if possible — all the machines, have been found invaluable in many dressing 
grounds, by reason of the economies effected in mannal lalxJiir, and lime required for handling, 
and in better utilization of yard space. 

Portable jib Cranes are also usefully employed in picking up and loading blocks or 
finished work, thus leaving cranes of the last named type free for heavier work, which— for 
various reasons^ — it is frequently convenient to keep suspended for some time. 

Derrick Cranes. — In some yards a lixed or portable derrick crane is employed in lieu of 
— or in conjunction with — those already mentioned. This system is inexpensive, but does not 
so completely utilize floor space as an overhead crane- 
Swing cranes for machines. — The experience gained in Engineering works has led to 
the use of inexpensive swing cranes for serving stone and marble working machines. 

One crane can often be arranged to place the rough block and remove finished work from 
two or more tools ; and the advantage of the special separate crane is, that it is always available 
for keeping machines of large earning capacity continuously employed. 

Cranes of tbese ^pes are referred to elsewhere in this volume, and in greater detail in 
Section II. of this Handbook. 



STONE BREAKING AND SCREENING. 

Machinery such as that now referred to, for breakmg and crushing all kinds of rock, from 
road metal to emery or the hardest metalliferous ores, lieing subject to great and constanli\ 
varying strains — sometimes exaggerated by careie.ss feedmg and neglect in maintenance— are 

ru t d to provide maximum strength, and exceptional facilities for maintenance and 

The (nune, ^ usually made, is a massive casting uhich needs onh to be bolted to ihi 

f nda n mt if the cost of handling and transporting heav) peces is evcessne, the frame is 

ee and sent away in comparatively light parts, which are easily put together al 

id any of the machines (with or without screens) can be mounted on plain or 

fl g d ling wheels. 

The jaws are made in sections and are easily adjusted to break an> size desired 
The jaw faces are made of speciallv hard chilicii iron and arranged to be reveised, or renewed, 
without the aid of a skilled mechanic. 



e principally ii 



; the liearings have ample surfaces a 
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Screening macliiiiery. — Simple arrangements similar to those indicated by Fig. 5133. 
. suffice for most of the conditions met with in preparing materials for road metalling, ballasting, 
and building operations ; but much more elaborate appliances are usually necessary for properly 
treating ores for classification, slag, coal and many other substances, each of which require 
special consideration. 

Information required. — If advice is desired with reference to dimensions of machines, or 
arrangement of installations, il will obviously be necessary to furnish full details of the work to 
be accomplished, accompanied if possible by specimens of the materials to be treated, and 
information as to the siies most convenient, or the average fineness desired. Also the kind and 
amount of power (if any) available, and any other data which may be useful in the preparation 
of designs and es ' 



Kig. 5132 

STONE BREAKER (Hlake improved).— The frame, jaws and working parts are 
above described, and the machine is complete with heavji fly wheel, driving pulley, i 
appliances which can be adjusted for cubing or tine crushing. 

The proportions of parts are ample for dealing with the most intractable materials, i 
the object of a recent improvement is to increase the efficiency of the machine and reduce w 
and tear and tiie repairs incidental thereto. 

Approximate power and output. — This necessarily varies wiih the kind of mater 
treated, but road meial has been adopted as a convenient basis, the machine being driven 
250 revolutions per minute. 

Prices and dimensions.— The following are approximately those of machines in v 
general use, but they are made of all sizes from 4 by 3 inches in the mo\ith, to 39 by Iz inch 



Prices 


F SlONK Breake 


RS, FCG. 5132 








Sizeof momh 

Nominal horse power requited 
Output per hour 
Price of machine 
Approximate weight ... 


4 

]£ioS 


12 X 8 

4i 

4' 




7 


8 

9 

£'90 


24x12 
1; 



The cost of packing for shipment and delivery f.o. b, is usually about 5 per 

STONE BREAKERS WITH STEEL FRAMES.— For 

transport and handling, the frames are niade in steel of suitable size and weight, 
...._ ...!.i. .1 -"rs required for pulting the machine together on arnvali 
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cost of this construction will be fmiad lo be insignificant when consideration is 
lense slrenglh of the machines, and the saving in transport charges which, as is _ 
n mining experience, not infrequently exceeds the price paid for the machinery itself. 
Prices of Stonb Breakers with Stbbl Frame. 



Size of mouth .. inches 


8by6 


12by6 


t2by8'i61)y8 


.tby. 


24 by 13 


24 by 16 


Norn. H.P. require 




3 


41 


S» 


1 






Output per hour tons 




3 


s 


6 






r2i 


Price of michine 


^76 


^M 


£im 


/ISO 


/^nn 


/43» 


jC440 


l^xtra for loose puhej' 


/:• to 


/:•'! 


ii 


£'i 


'IS 


it IS 


£s 


Extra for Screen 


£S 


il 


£•' 


£ti 


/l8 


£^ 


Approiimate weight... tons 


li 




34 


4i 


7 


Hi 


Hi 



The cost of packing for shipment and delivery f.o.b. is about 5 per c< 

PORTABLE STONE ; (BREAKERS. - 

n be provided with plain or flanged wheels, with s 
an extra cost of £'4 to .^^O- 



F>S' S'33- 
STONE BREAKER WITH SCREEN.— The 

arrangement mnch used for breaking and auiomaiically screening road mel 
in building operations. 

The revolving screen is built of steel and driven by gear and belt fi 
the breaker. Il will be seen that pieces too large to pass through the perfc 

into (he hopper below the open end of the screen and, if r " " 

by an elevator — as illustrated — or by other means. 

This, however, is quite inadequate for the close separation or classification In bulk or weight 
which is essential for many purposes, and such plant must be matter for special treatment. 

For power required, output, etc. see the two previous pages. 

The tollowing prices are for the breaker with screen and gear for driving il, but not the 
elevator and appliances connected therewith ; the cost of these vary too widely to be tabulated 



lin shaft 01 
; delivered 
returned to the breaker 
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Prices of Stonr Bricakbr with Screen. 




STONE BREAKERS FOR ANIMAL POWER, sometimes invaluable for testing 
tucks, more especially in preparing metal liferous otes for treatment in a Prospector's alamp 
mill (see page 7 of Section VI. of this seiies), have cast-iron (rame and jaws, etc. and are 
driven by belt as already described. 

Prices of Stone Breakers for Animal Power. 



Size of mouth 


inches 


6 by 3 


8 by 5 


II by 6 


Powers required 


horse 








Ovitput per houi 




i 




/„ 


Price of machine 






£60 


Extra for screen 




£6 10 


£S .0 


a 



Thet 



St of packing for shipment and delivery f.o.b. is about S per cc 



CONVEYOSS AND TRANSPORTERS.— Appliances of this kind are illustrated 
and described elsewhere in these volimies, but it may be well to point out that — ^with a 
relatively small capital outlay — ground which may, at first sight, seem hopelessly inconvenient 
for the work to be performed, can be utilized with great advantage by a suitable installation ol 
bucket conveyors, transporter, overhead tramway, creeper, endlesE travelling band, etc. 

These appliances, judiciously arranged, convey materials at remarkably small cost, almost 
rt-^ardless of distance, level, or direction of traverse, and will frequently save the inconvenience 
of removal to new premises, as well as effect such economies in time and working expenses, thai 
the cost ol plant becomes quite a minor consideration. 

QUARRYING AND STONE DRESSING PLANT. -The appliances mentioned 
in the foregoing pages by no means represent complete equipments of Quarry and Stone yard 
plant. As already uidicated, these vary very widely, as do the character of stone, the quantities 
10 be dealt with, natural fiicilities for handling, delivery and so forth ; always, of course, 
designed with a view to economy in working expenses. 

But, however greatly the arrangements may differ from each other, some of the under- 
named plant (in addition to machines such as those mentioned in the preceding pages) will 
almost invariably be required. 

These will probably consist of: 

Portable railway and rolling stock of the kinds referred to at pages 91 to loS. 
I Incline gears for hauling in quarry and on bank. 

Pumps for unwatering hiiles and sumphs. 

Winctaea, chains, bloclcs, and miscellaneous tools ( 



PLANT FOR PRODUCING ROAD METAL.— The foll< 
a highly successful quarry in which a large portion of the output 



wing brief notes relate 
^ ^ , iverted into road metal, 

s liim being largely responsible for the arrangement and^construction of the plant 
employed. 

Commencing operations many years ago on quite a modest scale, this quarry is now 
equipped with bich-class machinery, including a CoUmann engine for driving the stone breakers, 
screens, electric lighting installation, etc. 

The rock drills are of the type Kig. 5137. and the work being in the open (principally in 
Ijcnches) the drills are driven by steam direct and supplied from a boiler provided for each set 
of drills, so that the length of steam tube is never excessive. 

The screens are so arranged thai the different sizes of road metal and small stuff ars 
delivered direct into railway wagons or into bin as may tie desired, without w.iatc of time aiil 
labour in re-handling. 
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ROCK BORING PLANT. 

The two systems referred 10 in the following pages are the diamond drill, which is invaluable 
fur putting; down ihe deep borts reijuited for exhaustively testing groutid fur coal, minerals, etc. 
and the much more familiar percussive drill uiiiveisally employed in quarry, mining and sub- 

The data given with reference to the cost of plant will ofken sufBce for estimating approxi- 
mate cost, due allowance being made for the variations requisite for diiference in strata and 
local condilLons. 

ARTESIAN BORINGS.— The exlentto which artesian borings have been successfully 
carried out is by no means generally known, but the following notes relating to what has Xieen 
accomplished in tjueensland alone, may perhaps cause attention to be directed towards similar 
operations in other countries, and specially in South .Africa, where a constant supply of 
wholesome water is sometimes sorely needed for domestic, pastoral, and agricultural purposes. 

ARTESIAN BORINGS IN QUEENSLAND.- Mr. W. Gibbons Cox states, 
that K39 artesian and sub-artesian (or non-fiowing) wells had \>een put down in Queensland up 
to June 1900, which {excepting 6 per cent, made by the Government) were carried out prii-atciv, 
and free from Government control. 

The aggregate number of feet bored for : 
estimated by the Water Supply Department to be > 
this large total is iieing steadily increased. 

Depths of bores.— The'aveiage depth i.s 1188-feet. but there are 59 bores exceeding 
300o-rect in depth and ranging up to sCMS-feel- 

QuBtltity of water obtained.- The yield from one bore is 6,oco,ooo gallons per (la>-, 
from another 4,500,000 gallons, and there are 60 other flows each of more than 1,500,000 
gallons pet day. The total continuous yield from 5t5 bores, at which the flow is known or ha,s 
been estimated, amounted in Jure 19CO tc) 321,653,619 gallons per day. 

Distribution of water. -The water from many of the teres has channelled its course fr-r 
more than 40 miles, but systematic channelling by pliraghs, now leads the water, in some cases, 
more than 60 miles, irrigating many thousands of acres of grass land, sugar, and other tropical 
and STib-tropical products, and permanently tilling l^mins, creeks, and low lying places. 

Qiwlitj of water sn[>plied.— Analyses, fully carried out Ijy the (Jovernmenl analyst, sli.m- 
that with few excepticnis the water is in every way fit for ilomeslic consumption, live stock and 
other purposes. 

BORINGS FOR LOCATING MINERALS, often called " Prospecting." The 
depth of borings in search of gold, iron and other metalliferous deposits is usually less than the 
average of those for artesian water supply, last referred to, and within the capacity of the 
machine illustrated by Fig. 5134, which is equal to any depth not exceeding about 2000-ftet, 
but Vith i»oper appliances, as will Iw seen from the following example, much greater depths. 
can lie reached. 

The experience gained in putting down this Silesian l«re seems to confirm the opinion the 
writer has always held, thai the depth of Imres is only limited by the capacity of the materials, 
in boring tools, to withstand the torsiiinal and other strains incidental to the conditions under 
which the work must Ik performed. 

The following facts indicate that, even with tools <jf the highest quality, the commencing 
bote c)f ample diameter and judiciously reduced as the depth increased, the limit of endurance 
is reached at a distance of about 6000 to 6500-feet below the machine. 

DEEP BORE IN UPPER SILESIA— This bote, in searchof the coal measures, 
lias lieen carried to a depth of 6571-regt. 

Dimensions of bore. — The hole foi thcfiist 23o-fi.eiisi2-inchesdiameter and is bned with 
wrought iron tulie about il-in. thick. At iliis piint ami for the next 350-feel the diameter is 
reduced to 8j -inches and thence is further reduced, step by step, to 2j-inches diameter. 

Weight of boring rods.— At a depth of 6560-feet the weight of tubular steel boring tods 
was 30-ISS-llis. (say 13^ -tons) and much trouble was caused by rupture of the rods, but work 
was continued until, finall_v, at a depth of 6i7i-fcel, 4500-feel of rods fell to the bottc 
attempting to raise these nxls. lhe\ ' ' ' 
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DIAMOND PROSPECTING MACHINE — Thu e 

represented by Fig. 5134, wilh which Ihe writer's name is assiicinle pa 

fonslruclor, has been successtully einplaj-ed, in all parts (jf the w [ 

holes 10 any depth (some of ihem exa-edint; 4,ooo-f). ) quickly, and a co pai 
lo ascertain Ihe valqe of Ihe properly lieforc investing cupilal ii h 1 ^ 
process of shaft or well-sitiking. 

The penetrating- power of the diamond drill is oliiainc<l liv s 
or "crown" armed with carlionates— often called " Black I)iamond> 
known, and rotating it under sufficient pressure ; this abrades the rock and iLHies a clear space 
around a central core. The cores are removed from lime 10 lime and stored in boxes which — 
tieing marked or numliered — form an in&llilile record of Ihe strata at any point of the depth 
reached, and are of greal assi.<ilance in eslinialing its commercial value, ns well as the cost of 
sinking, or locating the posilions for adits, as the case may l)e. 

Construction. — The Iripod frame is buill of sleel and carries all appliances for rotating the 
' drill rods at the speed and with the pressure required fur the nick Iwmg perforated, and the 
hydraulic appliances for forcing to (he surface the debris (resemUing sand) which is abraded liy 
ihe rotation of Ihe cutting head or " crown " ; also gear for raising the rods, as retjuircil for 
removal of ihe core which has been left inade the Imltoui iMtting rod, this being stored for the 
purposes already referred !o. 

BorinfT head or " crown." — The face of a short letiglh of tiitH.' is set with cailmnales 
projecting slightly beyond the inner and oiiler periphery of ihu lube, the upper end beinfj screwed 
lo connect wilh the tubular boring rmi «hicli is rolaled by the machine. 
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Driving power.— In some cases an engine is 
but it is usually more convenient and economical I( 
an oil engine, or othet available motive power. 

Efficiency of the mAchine. — This depends largely on the rods beitig driven at the speed 
and with the pressure which, in each case, will give the best results. These have been 
asceitained by careful and exlia.u5tive experiments carried out by the writer's firm, and provision 
is made for changes of speed and for maintaining the most suitable pressure whatever may be ihc 
weight of rods employed. 

Diameter of bore. — This mnit be in proportion with Che depth, and the nature of the 
strata to be perforated. It may be i to 3 inches diameter, or even less for moderate depths in 
very compact rock, each set of cores weighing only a few pounds, whilst for deep prospecting or 
artesian well boring, the diameter may commence with 16 inches cotes weighing as much as 
3 tons, the size of the hole being, howci-er, reduced as it increases in depth. 

The extent of variations in sizes of rods, crown and lining tubes is indicated in the 
following schedule of tools and accessories which are recommended for a machine of the t3-pe 
illustrittSl, which is capable of boring lo any depth up to about 2000 feet, and of which 
more have been made than of any other capacity. 

The price of the machine Fig. 5134, with one pump is £3^0. If with two pumps, JC395. 

The price of a. portable ateam engine of 10 horse power to drive the machine is .£265. 



Two thousand feet of sLcel boring rod with screwed joints. 
Three unset boring crowns, each 2 and 3 in. diameter. 
Two ditto ditto 4, 5, and 6 in. diameter. 

Two 15 feet lengths of core tube, and four core clips. 
Two special connections for boring rods and core tubes. 
Two ditto rods to 3 in. tubes. 

Seven hundred and fifty feet of steel lining tube 3 in. diameti 
Six hundred and fifty ditto 4 ditto. 

Three hundred and fifty ditto j ditto. 

Ditto ditto ditto 6 ditto. 

Diminishing connectors, 6 to 5 in. 5 lo 4 in. and 4 to 3 in. 
Steel driving shoes 3 in. to 6 in. diameter. 
Six flexible hose pipes ij in. diameter. 
Three pairs of unions and two water unions. 
One chain sheave with spindle aiid bearings. 



Two liftii^ swivels for rods. One si 
Two pairs tongs for tulies 3, 4, j, and 6 in. diameter and 4 rod tongs. 
A tool box containing a complete set of tools for setting crowns. 
I'arallel vice 5 in. Set of spanners. Two shifting wrenches. 
One gallon oil can and (wo oil feeders. 
KcL of spare \-alves for pumps, and steel pinions. 

Ditto gun-inctal liearings for main driving shaft, and driving straps. 

Two hydraulic lifting jocks of 6 tons power. 
The approidmate cost of the entire plant, including the prospecting machine, engine 

CARBONATES FOR CROWNS rary so much in price, as well as in the number, 
size and total weight rer|uire<l, thai the cost can only lie fixed from day to day ; but a useful 
supply (or selling crowns for ihe aiiuve-iiitmed machine, and for upholding them can usually lie 
obtained for ^zoo to .^250. 

HAND-POWER PROSPECTING MACHINE (not illustrated).— The system of 
working is similar lo that last descrilied. but the machine is designed with light parts affording 
great facilities for transport and re-croclion. A machine lo put down bores about rj inch 
diamelet and 200-ft. deep costs, complete, about j£lOO. 



APPLEBY'S HANDBOOK OF MACHINERY. i88 

STANDARD DIAMOND PROSPECTING MACHINES MlustTated by Fig. 5135 
are similar in principle to tliuse previously described, and comljine all tlie improvements intro- 
duced in the mtst recent praclice. They are arranged to i>e adjusted and fixed at any angle 
and are capable of boring horiiontally, at an angle, or vertically to any depth up to 1000-ft. 
and of bringing np solid cores showing the exact character of the ground passed through for the 

Construction. --The machine 
is complete with its own engines 
for driving the drill and has a 
windinggear, also driven by the 
engines, for lifting the rods lo 
extract the cores, to put in 
additional lengths, etc., and is 
complete with all appliances 
for feeding the drill forward, 
and for providing the supply of 
water required to clear the bore 
hole of delitis. 

The parts are strongly and 
simply constructed, and eaMly 
handled by an intelligent mech- 
anic The diamonds (carbonates) 
forming the cutting surface, are 
so immeasurably harder than 
any tocli they have to perforate, 
that the repairs are very small 
and, with ordinary cate, the 
carbons will not be lost or 

The accessories required 
for proper and efficient worlting, 
(other than these mentioned 
later on), necessarily vary ac- 

for putting down a bore hole, 
which will not occupy much 
time, a tripod over the drill, 
constructed of timber and ar- 
ranged to carry a lifting block 
at the top, usually answers 
every purpose. If however the 
drill is to remain for a con^dei- 
able time, (as sometimes is 
necessary) as for instance, when 
putting down a deep bore under 

admit of the work being carried 

be desirable to erect a more 
permanent structure. 

EQUIPMENT, ^This is 

usually as follows : 200 feet of 
boringbars, one diamond crown, 
two blank crowns and a set of 
diamond setting tools with 
instructions for using them, a 
core lifter, a core barrel, safety 
clamp, hoisting swivel, indepen- 
dent steam pump, hose pipe and 
coupling, and the tools required 
for working and maintenance. 
FiE- 5135 
The price of the machine complete as described is A795. If w 

and feed pump mounted on a wrought iron carriage with road wheel 

it £«•$■ 
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COLUMN PORTABLE DIAMOND DRILL,— Fig, 5136 compleie with engims 
and atrangementa for swivelling and fixing the boring barsat any angle. It will be seen that the 
columns are quite easily fixed vertically or horizontally or in other position desired for sirkiii;; 
shafts or driving headings. 

The machine is complete with engines y^ 
he worked by sleatn or by compressed air ai.ii 
the equipmeni, as follows: 20 feet ofburiiis 
rods, one crown set with diamonds, two blani: 
crowns ready for selling, one core barrel. ci>ce 
lifler, combination vice, breast drill, a set .^i 
twist drills i'b to J in., three mechanii- 
hammers, two oilers, set of steel wrenche*. J 
set of diamond setting tools, bit holder ami 
gauge, six files and l-lb. of copper wire. 

The price of the drill, with outfit specihcl. 



PERCUSSION DRILLS FOR 
DEEP BORING. -Until the dianv.rii 
drill was invented and perfected, deep l»»c 
holes were almost olwavs put down by \>v\- 
cussion drills, dilTering in details nf consiru-- 
tion, Iwt all relying on the principle of c:i>- 
inlegraiing the ruck In' the falling H'ei|;hl <■( 
steel iiHils of A-arioua sections and dimeiisini;-. 

The appliances used for this system ■•! 

drilling comprise a strong and rather cir-ily 

timber headstock or " Derrick," as it if. nan iil 

in the United States of America and in Cana l.i. 

The height of the headstock is usually fr 11: 

40 to 50 feet, with a V grooved pulley at :li<' 

top to carry the rope or chain 10 which :hc 

jumper rods and drills are attached : the 'illitr 

end coils on a drum which is rotated by steam. 

animal or manual power. The action, theri.- 

fore, is Hmilar to that of a pile driver, ih.i- 

weight and .shape of the tool, and the hei^h: 

and frei|uency of the drops being regulaieti 

Fig. 5136. '■>■ "'^ ^'"■*"""' '" "^'•'S^- 

This nicjiie nf drilling and the approximate cost of the machinerj', are mentioned because 

cases may anK where the system may lie ciinvenienlly adopted. .\s already indicates! il;c 

" Derrick " is built al the proposed boring. The ttuantily of timber required for its construction 

will probably be S.ooo In :o,ooo cubic feet and the value of nails, bolls, &c, will be about £21,, 

Work of this kind is usually done by a contractor who provides his own drilling tnckli; 

which coats alx.ul /,'350. 

The cost of the eiiy;ine, boiler, lifting gear, rope nr chain headstock pulley, etc. rarely 
exceeds ^225. 

NOTES ON PERCUSSIVE ROCK DRILLS. -The chief considerations in 
the seioctiiui of rnrk drills for quarrying, shaft sinking, tuimelling, ete. ate adequate slreiigih 
ot parts, and .'>och simpliiity of cnnslruclion in the drill and its supports that a skilled mechanic 
is not required to o]>i;ratc the ]>lanl ; also that it can be easily set up and as easily removed fur 
starting on a iieiv faie. Ample experience shows ihal the (Irills alnrnt to Ik relerrcd Id fulrii 



worked by either steam or compres.sed air. If tbo 
^lenr Ihe lace of fumes after blasting which admit.-^ of 
s confined space usual in small headings, and it is 
ir wouM lie almost, if not quite, impos.^blc. 
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Savins in cost — In some eases there may be litlle or no difference b the cost per cubic 
yard of removing rock by machine, or by hand labour, but the savings in lime and in other 
respects, are frequently of (blT greater imporlanee than the direct cost of drilling by hand labour. 

A point for consideration in driving long tunnels or headings is the cost of rises for ventilation 
which are necessary if the work is carried out by hand-power drilling, but not required if drills 
<lriven by compressed air are employed. An example of this is fiiinished by more than 1500-ft. 
of tunnel having been made by compressed itir drills without any rise for ventilation, whereas, 
if the work had been done by hand, the cost of the ventilating shafts would have more than 
equalled the cost of the tunnel as driven. 

ELECTRIC ROCK DRILLS.— The ease with which electric power is transmitted 
is a strong inducement to apply it to rock drills ; much lime and money has been expended in 
producing these machines, but the results obtained do not seem, hitherto, to have l)een 
commercially successful and for this reason the existing appliances are not illustrated or described. 

SUB-AQUEOUS DRILLING is referred to at pages 169 and [70. 

COST OF PERCUSSIVE DRILL PLANT.-Before proceeding to describe 
the component parts, it may lie well to give some data with reference to Ihe cost of small 
installations for working reiipeclively by compressed air, and by steam direct. The cost of large 
Itlants is usually estimated by the Engineer in charge. 

SIX-DRILL COMPRESSED AIR PLANT for tunnels, mines, &c.-A useful 
plant for these purposes consists of an engine and air compressor, with expansion valve, 
mounted on one bed plate, an air receiver of about 280 cubic feet capacity, with all necessary 
fittings including safety valve, pressure gauge and pipe connections with the com])ressor. The 
6 rock drills ate 3^ inch diameter, with stretcher l^r or column for each, with clamp suitable for 
level driving or shaft sinking, 6 lengths, each 50 feet, of flexible lube with brass screw couplings, 
6 sets of steel drills, 120 in all, of i-arious lengths and a set of smith's tools for sharpening 
the drills. 

The price of this plant is about ... ... ^940 

If a steam boiler (not included in the estimate) is required, it should be of zo horse 
]jower, and costs with fitting, about .. ... ... ... ... ... ;£200 

TWO-DRILL COMPRESSED AIR PLANT.— The air compressor, with 
fly wheel and fast and loose pulley, is carried on a bed plate arranged to afford facilities for 
transport, and fixed on an air receiver of about 56 cubic feet capacity, with fittings and pipe 
connections to the compres.sor, two 3} in. rock drills, each with stretcher bar and clamp, two 
lengths, each 50 feet, of flexible tube with brass couplings, two sets of sleel drills, 40 in all, 
and a set of smith's tools for dressing them. 

The price of this plant is about ... ... ... ... ... /^J7o 

The cost of engine and boiler of suitable power is ... j£i90 to /Z65 

ONE-DRILL COMPRESSED AIR PLANT with Wit-driven air compressor, 
ait receiver and the necessary outfit of tools and accessories, costs alx)Ul ... ... £ns 

Engine and boiler of suitable power costs about ... ... ... ... £12$ 

TWO-DRILL STEAM PLANT FOR OPEN BLASTING.— This comprises 
two ii-ia. rock drills to work by steam, two tripod carri^es with appliances for fixing the drills 
to work horizontal ly, vertically, or at any angle, complete with weights and accessories, vertical 
cross-tube sleam boiler with fittings, two lengths, each 50-rt. of flexible sleani hose with brass 
screw couplings, two sets of steel drills (40 in all) of various lengths, and blacksmiths' tools for 
dressing the drills costs aliout ... ... ... ... ... £260 

ONE-DRILL STEAM PLANT with steam boiler and proportionate quantities of 
tools and accessories, as last descriljed, costs aljout ... ... ... ... jC^SS 

The cost of packing for shipment and delivery f o.b. for any of these plants is usually 
aliout 5 per cent. 

PERCUSSIVE ROCK DRILLS.— The Maiston drill, represented by Kig. 513: 
i-. adapted to work by steam or compressed air and has gained a good repiitaliun for durability, 
iven when drilling very refractory rock, and for low cost of maintenance. The drill is attached 
bv a universal clamp to a tripiMi, as shown, to a stretcher lar, or to a multiple drill carriage as 
niay be required and is available for putting down holes in any position, in quarrying, driving 
headings, shaft sinking, &c. 
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Fig- SI 37. 

The lwi> larger sizes are found to give the besi results in heading or tunnel driving because, 
as is well known by experts— time of working and charges of expiosives being equal — arelalivi:ly 
lai^er quantity of rock is brought down when the holes are large, than when they are small 

A certain length of fiexihie hose is required for each drill to give sufficient range of work 
without removing or laving ftesh mains during working hours, but wrought iron pipes cost less 
and are far more durable tor that purpose than the best flexible hose, so that the length of the 
latter, for each drill, rarely needs to be more than about SO-ft. 

Prices of Rock Drci.ls, Fig. 5137. 



Diameter of cylinder 


inches ! aj 




;?, 




Price of drill 


... , .^40 


£.M 


£io 


Ditto tripod with weights ... 


... 1 C^ 


£A 


«7 


£S- 


Ditto stretcher bar and clamp 


.-. ( /9 


£^ 


£10 




Ditto set of 20 steel drills .,. 










Ditto flexible hose per foot 




^h 






Ditto set of gun metal unions 


... ! 14/- 


'S'- 


16/- 


W- 



The cost of packing for shipmen 



and delivery f o.b. is 5 P^f cent. 

HAND POWER PERCUSSIVE DRILL (not illustrated}— The drill can 

be carried on a stretcher or on a tripod and adjusted to any angle for use in heading, shaft 
or open quarr) ing ; it can also be fixed on an independent standard for holeing in stone yard. 

The advantages clainied for this drill are that it rotates and feeds automatically and 
operated by one man turning a handle, will make true round holes at quite twice the speed 
aiiiiinabie irtjuuipinj; in the ordinary manner ; also that the force of the blow can be quickly 
varied bciiiecn 60-lbs. and 20o-lbs, 

The price of drill with telescope stretcher liar is ... ... £2$ 

It mounted on a tripod, the price is about... ... ... ... ^27 

A set of 17 drills re.iiiired for each maching costs about ... . . jT^ 

The cost of packing for shipment and debvety f.o.b. is about s per cent. 

AIR COMPRESSORS, RECEIVERS, and their accessories, vary so much 
in dimension.- snil du-ii;!! thai reference can only be niiide to those which are in general use in 
connection nilli rock drilling plant of m.Klerate proportions, such as those specified. Estimates 
for compres-sing plant of laiger dimensions for drilling, tunnelling by the shield system, sinkiiij; 
caissons, or any other purpose, cannot tw prepared without details of the conditions to be fullillecl. 
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FIXED AIR COMPRESSOR AND ENGINE, Fig. 5138.— The steam 
and air cylinders are fixed side by side at one end of a nias^vc bed plate, Ihu valve chesls for 
both steam cylinders and air compressor being perfectly accessible for examination, nvilhuul 
interference with the rest of the engine. The crank shaft is provided with Iwo fly wheels, as 
shown ; the cranks are set to give the highest useful effect and, in design and construction, this 
object has been kept sleadily in view. 

If engines, with the air compressor fixed tandem behmd the steam cylinder are preferred, 
[he prices do not differ much from those given below 

The boilers are. of the locomotive type and are complete with chimney and all fittings, 
including steam and exhaust connections for a moderate distance — say alx)Ut 20-feet— between 
engine and boiler. 

I'KiCES OF Air CoMPRtssoRs, Fig 5138. 



Diameter of air cvlinder inches 


,0 


„ 


.4 


,6 


.8 


.0 


Do. steai^ do. 






■4 


16 


18 




Length of stroke ... 


16 


16 


14 


14 


.30 


^615 


Price of compressor 


^130 


4.180 


11 


.£415 


/35 


Patent expansion valve, extra 


1.^ 


£2, 


/.30 


.£37(1 


Loco, boiler and connections 


i'n 


jC'45 




.^236 




'HI 


Wheels, forecarriage,&c. , extra 


%7 


iS 


.<»' 


£•'" 


SI 



■t of packing for shipment and deliverj- f.o.li. is 5 per ci 
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SMALL AIR COMPRESSOR and ENGINE, Fig. 5139, i^ intended to supply cc 
pressed dr for a small number of drills. The smallest size drives one drill ; the second, I 
small drills ; and the largest size two 4-in. drills. 



Fig. 5115. and referred to in detail in Section I. of this series. 
Prices of Air Compressors, Fig 



Diameter of air cylinder ... ... ... inches 

,, vertical boiler, type Fig. 1049 Section I. 


6i 
74 
i70 


81 

& 


12 

£••5 
^74 



CYLINDRICAL AIR RECEIVERS.-To insure 

ait to the drills, a receiver of ample capacity is fixed in any c 
the drills, by preference, near to the compressor. 

The shell of the receii 
pressure of 150 lbs. per 
hlow off cock, safely valve 



L Air Receivers. 



Length of receiver . . . feel 


S 


10 


12 




20 


20 








3i 








5i 


Price 




A^ 


/„* 


^55 


/70 


/^ 


£'i& 




... cub. feel 








28, 




460 


Approximate mea 


suremenl „ 


■15 




33! 


445 


525 



The cost of packing for shipment and delivery f.o.b. is 5 per cent. 

PORTABLE DIRECT ACTING COMPRESSORS,— The steam cylinder and 

the air compressing cylinder are fixed on a cylindrical air receiver ; the compressor piston is 
worked by a rod connected with the steam piston, and the crank shaft carries two fly wheels lo 
insure st^idy running. 

The receiver is constructed of mild s 
150 lbs. per square inch. The fittings consi 
the lowest pari of the receiver, pressure gau 



Diameter of air cvlinder 




8 


10 


I. 






8 




















/.n5 


.^185 


<:«o 






?^. 




n 








Locomotive boiler, fittings anil connections 




^95 


^125 


£h7 
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VERTICAL AIR COMPRESSORS.— A neat and highly efficient arrangemenl (not 
illualrated) was originally tiesiened to supply air at a pressure suitahle for working pneumatic 
hoists (referred to at pages 83 and 84), drilling and other machine tools, hut is equally adapted 
for use in connection with coal cutting machines, rock drills, etc. 

It is sometimes a great advantage for the compressor to occupy only small ground space, 
and to be easily moved. These conditions are fulfilled hy the.vertical compressor, and l);ing 
self-contained on its own base plate, little or no foundation is rcijuired. It is provided with 
appliances for complete lubrication, and all parts are accessible for enamination. 

WELL BORING TOOLS. 

BORING TOOLS for testing ground for minerals, foundations, water, &C., have been 
designed to suit the varied conditions under which they have 10 work ; those in general use are 
illustrated on the annexed page (Kig,SI40), and consist of: — 
I.— Well rod, usual length 10 ft. 
2. — Worm auger. 
3. — Open auger, for clay. 
4.— t'Ut chisel, for stone or flint, 

5. — Spring dart, to draw faulty pipes from the bore hole. 
6. — Ditlo ditto, for smaller pipes. 
7.^IIell screw, (or withdrawing broken rods. 
8. — Bell box, for ditto 

9. — Auger nose shell, with valve for loose soil or sand. 
10. — Flat nose shell, for similar purposes. 
II. — Shoe nose shell, for luirder ground. 
IZ. — Hand d(^, for screwing and unscrewing the rods. 
l3.^Pipe clams, or rests. 
14.— T-Chisel. for flint or slone. 

1;.— Wad hoot, for withdrawing stones, utc, which may fall into the draw hole. 
16. — Spiral angular worm for withdrawing broken rods. 
17. — Diamond or drill-pointed chisel, for liard ground. 
18. — Lifting d<^. for raising and lowering the rods. 
19.— Long pipe clams or rests. 
2a— Tillers or levers for turning the rods. 
21. — Wrought iron screwed well bore pipe. 
12. — Short rod, with swivel head. 

23.— Crow's foot for extracting the broken rods from bore hole, 
24. — Pair of well rod joints ready to shut up for greater lengths. 
25., — Pipe tongs or heaters for making joints in pipes. 
26. — T-piece or pipe dog for lowering the pipes. 
27. — -Brazed and collared pipe, with water-tight soldered joints. 
28. — Common rivetted pipe, strong make. 

29. — Spring hook to be attached to well rope for raising tools, S:c. 
30. — Windlass complete, for boring or sinking. 
31. — Strong well sinking bucket. 
The following estimates will suffice to establish the cost, with sufficient accuracy, for an 
«puipment of tools for almost any depth or formation. 

BORING PLANT FOR THIRTY FEET DEPTH consists of five sfi. lengths 
of boring rods and one swivel rod. one 2-in. clay auger, one 2in. shell nose auger with valve, 
line 2in, flat chisel, one zin. worm auger, one spring hook, one pair of tillers, one lifting dt^ 
and two hand dogs or wrenches. The price of this set of tools is ;£iz 10 o. 

BORING PLANT FOR FIFTY FEET DEPTH consists of ten 5ft. lengths of 
lioring rod and one swivel rod, one clay auger each 3J and 2iin., one shoe nose shell with 
■valve each 3 and zin,, one fiat chisel each 3J and ziin.. one T chisel each 3J and 2iin., one 
worm auger, one spring hook and 30ft, c)f rope, one pair of tillers, two lifting d(^, two hand 
■clogs, one rigger and carriage. The price of this set of tools is ^28. 
Extra length of boring rod. per jfl. length is 18/6, 
BORING PLANT FOR ONE HUNDRED FEET DEPTH consists of 

ten 10-ft lengths of boring rod and one swivel rod one clay auger each 4I and 3^ in., one shoe 
nose shell with valve each 4 and 3 in,, one auger nose shell each 4 and 3 in., one Hat chisel each 
4i and 3! in., one X chisel each 4^ and ii in , one worm auger, one sjiring hook and 30 ft. of 
rope, one pair of tillers, two lifting dogs, two hand dr^, one bell Ixix, one rigger and carriage, 
one auger board and one auger clearer. The price of this set of tools is .f 40. 
Extra length of boring rods, per 10 ft. length, jji I O. 
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BORING PLANT FOR TWO HUNDRED FEET DEPTH consisis 
Iwenly 10 ft. lengths of boring rod end one swivel rod, one clay auger each S^- 4J and 3J 
one shoe nose shell wiih valve each 5, OixJ _3 '"■. ""e auger nose shell each 5, 4 and 3 in., one 
flat chisel each sj, 4J and 3J in., one T chisel each 5i, 4^ and 3J in., one worm auger, one 
spring hook with 30 ft. of rope, one pair of tillers, two lifting dogs, two hand dogs, one bell boj, 
one rigger and carriage, one auger board, and one auger cleaner. 

The price of these tools is £64. 

Extra length of boring rods, per 10 ft. length, 140. 

BORING PLANT FOR THREE HUNDRED FEET DEPTH consists 
of thirty 10 ft. lengths of boring rod and one swivel rod, one clay auger each 6^, 5^ and 4J in., 
one shoe nose shell with valve each 6, 5 and 4 in., one auger nose shell each 6, 5 and 4 in., one 
flat chisel each fij, 5jand4jin., one J chisel each 6^, Si and 4i in., one S chisel each 6J, 
si and 4} in. one worm auger, one crows fool, one bell box, one spiral worm, one spring hook 
with 30 ft. of rope, one snatch block, one pair of tillers, two lifting dogs, two hand dogs, one 
liell box, two rod rests, one rigger and carriage, one auger lioard and one auger cleaner. 

The price of ihesu tools is ^96. 

Extra length of boring rod, per 10 ft. length, £l 4 o. 

BORING PLANT FOR FIVE HUNDRED FEET DEPTH consists of 
fifty 10 ft. lengths of boring rod and one swivel rod, one clay auger each 8J, 7J, 6J and 5J in., 
one flat chisel, one T chisel and one-S chisel each 8J, 7i, 6J and si '"-, one shoe nose shell 
with valve and one auger nose shell each 7, 6, 5 and 4 in., two worm augers, two bell boxes, 
one crows foot, one bell screw, two pairs of tillers with spare screws, two lifting dogs, four hand 
dogs, two rod rests, one spring hook with 30 ft. of rope and snatch block, one rigger and 
carriage, one auger board and cleaner. ji" s. d. 

The price of the tools is ... ... ... .. 178 o o 

Extra length of boring rod, per 10 feet length ... ... i 11 o 

BoriuGf plant for 1000 ft. depth costs about ... ... 440 o o 

Extra fength of boring rod, per 10 ft. length ... ... ... 240 

Ironwork for shear legs ... ... ... 300 

Sinkers Windlass for wells up to 200 ft. depth ... ... 12 o o 



of 



300 



Z4 



Lining tubes tor bore holes are a 


sually 


made 


withs 


welled 


or flu 


hscre 


wed ends. 


Prices OP LtNiN 


3 Tubes for Bore Holes. 






1 


4i 




6 


R 


10 12 


Brazed and collared pipes, per fl. . 2/7 


2/10 


V- 


3/2 


V4 


4/4 


0/- 


8/- I,/. 


Swelledand.screvi.edend ,. 1 1/6 


I/O 


2/. 




2/1 


2/g 


3/Q 




Flush screw end ,. 2/4 


M 


^h 


1/Q 




'h'8 




13/6 1 23/- 


Steel driving collars and shoes 13/- 


16/6 


20/6 


25/- 


30/- 


3S/6 


50/- 


75/- 1 'io/. 



The cost of packing for shipment and delivery f.o.b. is 5 per cent. 

TUBE WELL PUMPS consist of a pump head fitted with steel-pointed perforated 
driving tube, and wrought iron rising main for a total lift of 15 feel. The prices of drive tube 
for greater depth are given below. 

For prices of steam and other driving gears for pumps see Section III., pages 
"* '037. 



^ •^'' PRICES OF Tube Well 


Pumps. 






Diameter of drive tube, inches 


■i 


li 




3 


4 


Appros. capacity, galls, per hour 




200 to 7<x 






1000104001 














for 15 feel lift 


£1 10 










Price of pump head ... 


£^ 10 


£i 


£i 10 


£5 




Extra drive pipe, per foot 










s/- 



The cost of packing for shipment and delivery f.o.b. is about S per cenL. 
TUBE DRIVING APPARATUS for shallow wells costs about .^"4 u 
If with tripod, winch, block, etc. the cost ranges from /15 to £za. 
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SCREW PILE STRUCTURES. 

. . . „ t 50 or 60 years 

ago {1840 lo 1850), Ihe inventors are already all but forgotten, and Ihe object in bripfli" 
mentioning them is lo assuciate their names wilh this extremel} useful a.nd economical system 
of construction with which the writer's firm has, in recent years, lieen identified. 

The auger point and serrated screw, introduced by Mr. Wells, has enabled piles to lie pul 
down, quite easily, in ground which would have presented great difficulties if the form adopted 
by Mr. Mitchell had been adhered to. 




■ridge piers. 



Fig. 5'4'- 
Screw pile Structitfes, such as lijjhlhouses, breakwaters, piers, je 

foundations for buildings, etc. are erected at far less cost than would Ije ii 

built in concrete or masonry, and are completed in very much iesa time. 

Breakwaters. — An early example of the advantage of screw piles was furnished in the 

formation of the Portland breakwater, where a staging of timber piles was constructed, the lower 

ends lieing shod with cast-iron screws, and screwed into the ground. These piles having been 

left in and surrounded by rubble hearting, are a source of great strength. 

Wroug-ht iron or steel piles, used in a simikr manner, not only serve for staying 

purjioses, but also act as lies lo bind the mass, and prevent the washing away which is s.. 

delrinienlal to (he whole strength of structures which depend upon the size and weight of the 

blocks employed. 
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United Kingdom (Maplin Sand, Belfast Lough. Cork Harbour, e 

Mediterranean, Indian Ocean, on the coasts of America, in Australia, ana so lortn. rig. 5141 

represents a lighthouse on the Italian coast. 

The Cape Jalfa lighthouse, erected on the most exposed reef on the S. E. coast of Australia, 
and the Tipparu Reef lighthou.se are considered lo be the finest structures of the kind, in the 
world. 

Accommodatiaii for Attendants. — There ace ii rooms In each of the lighthouses; 
seven of these are living rooms (one being nearly ij-(c. square), which are occupied by the 
wives and families of the attendants, the good promenades enabling them to take much more 
exercise than can be obtained in stone lighthouses, 

STRUCTURAL ADVANTAGES.— Screw piles lend themselves peculiarly to 
lighthouse construction for the following reasons : — 

Tbey can be erected in positions where it is impossible to place any other permanent 



to the action of sea and wind is quite insignificant, 
xtremely small, this is largely due to the efficient manner in which 
is braced, and is an important feature when a delicate apparatus like 
a lantern is involved. 
Maximum space, comfort and convenience, as already mentioned, can be provided 

for attendants. 
They can be mote easily approached than stone ^hthouses in rough weather. 
The original surface of the ground is not disturbed, and no increase in scour Is created 
lo deteriorate foundations. 



the former only should be used from the surfiice of the bed (sand, mud, clay or rock) to about 
lo-ft. above high water. 

Cast iron is not recommended, because it is liable to rather rapid deterioration, especially 
in hot climates, and to be broken by floating masses of wreckage. Cast-iron piles also offer a 
much larger area of resistance 10 wave action. 

The screws may be of cast iron or cast steel, the latter being now frequently used. 
If foundation piles have to lie put down in rock — other than chalk — it is necessary to form holes 
for the insertion of the screw, and where the surface is exposed at low water, the pile should be 
cemented in with Portland cement, not lo increase the strength of the structure, but to prevent 
oxidationof the iron, Portland cement being the best preventive of this, iietween wind and water. 

Information required, see " Designs and estimates," page zoo. 

PIERS AND JETTIES. — For pcoriienade piers, and for some commercial piers and 
jetties, screw piles ace the most convenient and — if the life and cost of maintenance of a timber 
striicliire be taken into account — the metallic construction is certainly the most economical. 

WROUGHT AND CAST-IRON PILES.— Solid wrought-iron piles withstand 
the action of waves and shingle far better than hollow cast-iron piles. The capital outlay 
for the former is larger, but the life is longer and there is much less liability lo damage in 
heavy weather, blows from wreckage, etc. 

The latter casualty often occurs around the British coast where, however, cast iron has been 
very lareely used in the construction of promenade piers, partly no doubt on account of cheapness. 

Although the large diameter of hollow cast iron piles gives them a stronger appearance tbey 
are, in reality, infinitely weaker by reason of the lack of uniformity in thickness of metal, and 
of the quality of cast iron used, it being far too commonly held that anything is good enough for 

BRACING. -The usual practice of attaching the bracing to cast-iron lugs by one Ijolt to 
one brace and two ties, is evidently to he deprecated, because the failure of one bolt or lug causes 
the collapse of two tiers of braces. This element of weakness is. however, easily avoided by 
providing wrought iron straps with a separate bolt for each brace and tie connection. 

SIZES OF PILES.— The dimensions of piles, whether in wrought or cast iron, and of 
screws, are varied indefinitely to suit the character of the structure and the purpose for which it 
is to be used. The nature of the foundations (sand, mud, clay or rock) must also he taken into 
consideration when determining the dimensions of both piles and screws. 
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LIFE OF SCREW PILE STRUCTURES.— The limit has not yet been 
reached, but wroughl-iron screw pile piers and jetties which have been in constant use for 
moie than 55 years, are perfectly sound and seem likely to remain so for an indefinite period. 

As r^ards cast iron, however, we have ample evidence of rapid wear by abraMori on a 
shingly beach, and ofthe measures which have 10 be resorted to for the prolectio 
of both piers and jetties. 

SUMMARY. — The advantages claimed for wrought iron screw pile ! 
they can be erected more rapidly than any other type, also that they are el^pnt in appearance 
when completed, and are easily and cheaply upheld. 

COMMERCIAL JETTIES, BRIDGE PIERS. &&— For the accommodation of 
ocean going steamers of great size and draught, as well as for piers for bridges of large span, it 
is difficult to conceive anything more satisfactory than the well-known cast iron cylinders which 
are sunk to the depth required by one or other of the melbods (pneumatic caisson, grab dredging, 
etc. ( mentioned elsewhere in this volume, and afterwards filled with cement concrete. 

The facility which this method of eotistruction offers for increase in width or length is, 
sometimes, a matter of no small importance. 

WROUGHT IRON SCREW PILE PIERS FOR BRIDGES.— It is claimed 
for these that : (i) They can be erected in about one fourlh the time required for masonry or 
steel structures, (2) They present no appreciable resistance to flow of water and (3I no 
abdlments ate requited. 

These adranlages were recognised in the construction of the Poti and Tiflis (Caucasus) 
Railway, where these piles were adopted for all the bridge piers, the Rion bridge. Fig. 5142 
being oneof them, as well as for the large landing [rier at Poti on the Black Sea, see Fig. 5143. 

These brieves and the pier were erected in the year 1869 and 1873 and are now in 
excellent condition. 

DESIGNS AND ESTIMATES FOR SCREW PILE STRUCTURES.— It 

will be evident from the foregoing remarks that full information is required with reference to 
dimensions, foundations, etc. as well as details of the ordinary and exceptional conditions which 
the intended structure will have to withstand. 

If materials only are required, this should be stated, but if it is desired to enter into a 
contract to include design, erection and completion, the clearest possible details should be given 
relating to all circumstances which affect the design of the structure, the cost of the work, and 
the time required for its completion. 

FORM OF SCREW.— Experienceindesigningandercctingscrewpllestructuresshows. 
that attention to certain details in the form of screw (which do not admit of written explanation) 
make a great difference in the time and cost of putting down screw piles. The essence of them, 
...... ... , , , ■ ■- .!,'' tk 



PRICES OF SCREW PILES.— The fluctuations in cost of materials are so great 
thai reliable estimates can only be made from day to day, but the following figures will afford 
some indication of the probable cost of the principal materials, delivered alongade export 
vessels in British port. 

WROUGHT IRON SCREW PILES.— The piles are. of course, made in lengths 
to suit the conditions to be fulfilled. The bottom pile, fitted with a Well's serrated edge auger 
, pointed screw, is assumed to be 30-fl, long, that being often a convenient length. 

The upper piles ate connected by forged iron or steel cylindrical couplings and the probable 
cost of these is given separately so that approximate estimates may be made of the lengths 
which may be required. 

Prices of Weouoht-Iron Screw I'ii.es. 



Diameter of pile 




41 




6 




Length of bottom pile 


feet 










Price of bottom pile with screw, about 




£7 15 


^11 


A 14 10 


£20 


upper lengths, per fool „ 






6/9 


1 9/6 


1-216 


„ couplings, each „ 




33/- 


3S/6 


1 50/ 


66/. 
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CAST IRON SCREW PILES. -The cost pet foot of hollow cast-iron screw 
piles depends on the market prices and thickness of metal, but the under-named generally 
suitable dimensions may, perhaps, serve as a basis for estimating the approximate cost. 

The piles are assumed to be made in lengths of 9 to 12-ft. with foced ends and connected 
bj cylbdrical couplings. 

Pricks ok Hollow Cast-Iron Screw Piles. 



Diameter of Hie ... ... ... inches 

Thickness of metal ,, 

Price of pile ... ... ... per fool 


I 


12/- 


'5 


18 

18/- 



PILE SCREWING PLANT consists principally of the screwing head which is 
attached to the top of the pile, and appliances for rotating it until the point and blade uf the 
screw become firmly enibttided in the ground. 

Screwing; bead. — This is biiill of sleel plates with wrought iron or cast steel centre piece, 
and the appliances for securing it to the pile. The rim is arranged to take a turn of rope and 
is provided with poekels for hand capstans, chain swifters, etc etc 

Rapid and uninleirupled progress in erection depends largely on the perfection, of this 
simple (and apparenlly not very important) portion of the plant. 

Steam power screwing gear. — Several arrangemenls have been employed, but a 
powerlHil double cylinder steam winch wilh link reversing molions and double purchase gear 
IS usually the most convenient. There are two winding drums and warping capstans lixed at 
each end of each drum shaft, for use as hereafter described. The winch is usually 30 lo 4Q-ft. 
behind the pile being screwed and may be mounted on an under-carriage with wheels, or on a 
low trolley, to follow the work without lifting and re-fixing, provision being made for readily 
lashing the winch or carriage to a l)cam, or other fixed object, when screwing in very hard 
ground. 

Screwing rope. —This should be made of best Manilla hemp, slightly tarred, 6 to 8 inches 
circumference, according to the size of screw and nature of ground, and firmly spliced to form 
an endless rope. 

Mode of ^rorking. — The endless rope is passed atounfl the rim of the screwing head and 
another part of it is coiled on one of the wmcb capstans. The bight is held by one man near 
the winch, another man feeding the rope on the rim of the serening head and so (the ivinch 
being in motion) the pile is put down. 

A fixed length of rope is sometimes used when only a few piles are I0 be put doi\n, but 
an endless rope and suitable screwing plant save quite 50 per cent, in the cost of erection. 

Position of winch — As already mentioned the winch should be 30 to 40-ft. away frcni 
the pile, and should be so arranged that il does not matter what is the height or angle of the 
screwing rope relatively with the capstan. 

Cost of plant. — This necessarily varies considerably, but for average work it will usually 
lie obtainable at aliout the following prices ; — 

Powerful steam vrinch as described ... ... ... ... ... j^So 

If with boiler, injector and usual fittings and connections ... ... ... £'6^ 

The price of screwing head with key.s and capstan bars, vary in cost from ...j£3S to £7^ 

SUBSIDIARY ERECTING PLANT.— A steam or electric crane for handling 
the materials efiecls a large saving in the cost of erection and greatly accelerates completion. 
>vhich obviously shortens the lime during which the capital invesled remains unproductive. 

If the materials are delivered by water, one crane may probably suffice, but in a large work, 
recently completed where the deliveries were made by rail, it was found more economical 10 
have an ordinary hand-poiver derrick crane, at the land end, lo receive and store, and a portable 
steam derrick crane al the erecting end, ihe materials being loaded on trollies by the hand crane 
find sent on 10 the front as retjuired- 
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FIXED DERRICK CRANES.--The drawback to these, at the erecting end, is Ihal 

they have to be dismantled and te-erected for each move forward, or pinched by hand 

along a not too solid declimg. There is also the liability to be carried away during heavy storms. 

The cranes usually employed Bjre 5 lo 10 tons power, !he length of the jib being 30 to 40-fi. 

or more, according to the work to be performed. 

The prices of derridc cranes, of the type Figs. 50S4 and 5124, with jib 40 to 50-li- 
long, are approximately as follows : 

To lift 5 tons ... Hand power, £,^. Steam power, iTsS''- 
10 tonii „ ., .^175. „ „ /S30- 

PORTABLE DERRICK CRANES.-The mast and two back ties are carried on 
Ix^es and the crane is moved forward by its own steam power, or by hand, as the work 
progresses, or is run back for protection in rough weather. 

LOCOMOTIVE STEAM CRANE, with PILE SCREWING APPLIANCES. 

This combination is illustrated and described at page 45, and similar arrangements may perhaps 
Xk advantageously adopted under circumstances differing from those specifically described. 

WINCHES for screwing and handling Piles are referred lo in Section II. of this series. 
For Steam Winches, see pages 160 to 163, 
For Hand Winches, see pages 169 to 172. 

SCREW MOORINGS.— The system is so well known that brief mention of the 
principles involved will suffice td indicate the kind of information required for determining 
dimensions, if these cannot be specified by the purchaser. 

Sizes of mooring screws. — The size of the screw depends on the nature of the ground 
and the conditions to be fiilfiiled, and this again affects the size of shank, shackle, mooring 

Fixing moorii^ screws.— The screws can often be put down from barges, or from 
sailing vessels of small tonnage. But if there is much swell a fixed staging may be required. 

Plant for screwii^ moorings must fretfuently be specially arranged to suit local coii- 
diiions, and may be rather expensive, especially if the moorings have to he screwed in amuddy 
iKjtiom and in deep water. 



BUOYS.-These vary so much ii 
1>e adequately illustrated in the space a 
which is largely used in harbnurs. 

The price of a moorii^buoy for mooring ves.sels up 10 2C00 tons, with screw, 2 
of 2j-in. chain, ring, shacWIe, etc, is al>out 

Moorings in rivers and tidal waters are usually of the larrel or drum type. 

For marking chaimels the shapes and i 
Beacon, or flashlight buoys being frccpicntly nccc 
soon after information has lieen supplied similar 1 
moorings." 
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BRIDGE CONSTRUCTION AND ERECTION. 

Although Ihe adoption of standard designs and tests for railway l)ridges of equal span and 
width is scarcely a matter for discussion in these pages, reference may be made to some remarks 
in a taper by Mr, J. Graham, M. Inst. C.E., on " t;conomies in bridcedcsign and manufacture,'' 
in which he points out thnt much time and money would be saved in both construction and 
erection if standards were generally (instead of exceptionally) adopted in this coiinlr}', similar 
to those which, for many years, have been in use in the United States of America. 

Des^^s and spedficaUons.—If plate girders and deck bridges were accepted as (he 
standard construction for spins up lo 75 feet, and framed girders for Ixith through and deck 
bridges for spans of from 75 feel to 250 feet, standards for tests of materials being also agreed, 
specifications, drawings, templates, Quantities, and in fact all details, could be [M'epared for sii^le 
and double track bridges, for each of the gauges in general use, with Immense saving in drawing 
office expenses as well as in cost of construction and erection. 

Plate and framed g^ders. — Mr. Graham also proposes that the plate girders should, of 
course, be designed in accordance with the latest practice, but in regard to framed girders, an 
effort should be made to have the cross girders, rail hearers, diagonal bracings and deck flooring 
common to all spans ranging from 75 feet to 25'^ fee'- 

Length of panels.^The best panel distance is a matter fur consideration; say 25 feel 
is adopted as the standard length, then a 75 feet span would be a queen or three panel Iruss. 
a 100 feet span would be a four panel truss, and a 150 feet span a ten panel truss. 

Plant for erection. — Apart from the fact that stocks could be kept for the deck system 
of bridges for all the standard spans, it would enable, also, standard arrangements for erection 
abroad to be prepared and supplied by the contractors, to be either returned to them or transferred 
from one railway to another. 

MeUlods of erection— In tropical countries ordinary bridges are constantly erected ovtr 
a dry, or practically dry river bed, and the writer's experience is that one of the most rapid 
methods of erection is to have a staging strong enough to support the span, with light towers at 
each panel post arranged to telescope, and in segments when of considerable height, these 
lowers beings spanned by light trusses carrying a rail on top over which a Wellington traveller 
runs, dealing with every member of the span. 

The tracksTun up to rail head and the materials are lifted then direct into place On the 
bridge, there "and then. 

This method has been described because it shows how much standard panel distances are 
desirable. 

GIRDER YARD ERECTING PLANT —Overhead traielhng cranes or Goliath 
cranes of the .type -Fig. 5008, with the necessary clearances in height ana span are frequently 
very useful in girder, boiler and engineering works, but for general senice a 3 or 5 ton 
locomotive steam crane which hauls its load and travels to any part where urane power is 
required, is extremely useful. ' 1 

The mode of working in the case illustrated by Fig 5145 uas as follows : 
The materials prepared in the girder shopiwere placed on low tro|leys by an overhead 
travelling crane, and hauled by Ihe locomotive crane to the site for erection in the builder's j-ard 
where they were at once put into poiytion or laid on one side of the central track, as convenient 
The main girders having been erected, the cross girders were laid in. commencing with the 
front and working back until all were in place as shown in the engraving, and the bridge 
rcaily for (Kiinling, marking, etc. as mentioned at page 209. 

Effii:iency of plant — 1'he time occupied in erecting a number of spans, each 146 fett 
long, painting, marking, and delivery to clear the ground for ihe nem span, was 6 working days. 
The short time in which the work was accomplished was due 10 the intelligent manner in 
which the facilities afforded by the crane were used. These facilities consist of steam inolioiL> 
for lifting, slewing, altering the radius of jib, and for travelling, all being controlled in any 
combination by the driver, so thai each portion of the structure was quickly and accurately 
placed and secured in position. 

General service. — The crane is of course available for all purposes, including haulage and 
loading or discharging wagons, or overside. 

The price of a crane of 3 tons power with the above-named motions is usually 
about ... ... ... ... ... ... ... ... ... ;£40O 

A similar crane, but of 5 tons power costs about ... ... ... £S°'> 
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ROLLER JACK BRIDGE LAUNCHING PLANT. -The hydrauli 
iller head, illuslrated by Fig. 5I4.SA, is an essential feature in (so &r as the write 
itirely novel system of plant which he designed for use under the following rather 



Spans and location. —The bridge is in three spans, each of about 175 feet, or 523 in 
all, the total weight being about 340 tons. 

The materials must all he delivered on one side of the river which is usually dry, or nearly 
no, but is at limes a torrent ; Che lied is hard rock and the piers very high, so that temporary 
staging or floating plant of the kind illustrated by Figs. 5146 and 5147 were alike impracticahtc. 
Il was therefore decided to rivet up the main girders and provide for launching them on to theii 
respective seats, commencing with the farther span, the central and that at the erecting em! 
following in sequence. 

Plant eraployed. — This consisted of ten twin ram hydraulic jacks, the heads of which 
form bearings fox the steel shaft which carries a steel roller of 24 inches diameter. The grooves 
in this roller are spaced to clear the heads of rivets in the bottom boom and give a smooth 
rolling surface and fair liearing on the Ixxim plates. 

The standards at each end act as guides for the roller shaft, and the rachet wheel and pawl 
are used for propulsion as will lie presently described. 

.\ pair of jacks, each with hydraulic pumps and all accessories (one jack for each niaii^ 
girder) arc tixed in the erecting yard and another pair respectively on the abutment, on eacli 
pier, and on the o|)|josite abutment, all in line and spaced to carry the two main girders. 

LAUNCHING AND PROPELLING GEAR.— The girders having been riveitcJ 
up on pickings, just to clear the roller.?, and a few cross girders put in for staying and tjinj;- 
(sufficient crninterw eight Iwing attached to the after end of the span to prevent the overhangiiij; 
end from tipping), the jacks are set 10 work and lift the span clear of the packings. 

The .s|mn iKjing then ready for launching, the propelling gear is brought into operatiun. 
This consists of a steel ratchet wheel keyed on the end of the roller axle, a we^hted pawl and 
long pole with nhoe at the lower end to carry the pawl and fulcrum pin. 

Kadi pile is worked by two men. and the pawl ei^ging the ratchet wheel when the p<ili' 
is drawn down, the roller is partially n>taled and (he bridge gradually moved forward. TI11: 
operation is repeated until the end of sjian is over its sealing, the latter being built up before ihs 
jack is withdrawn. 

The men worked lij- signal, and if one cod of a span was too low to ride on the roller, .t 
few strokes of the jack [lump tjuickly rai.seil it to the proper height. 



Al'I'LKBV'S HANDBOOK OK MACIITNEKY. 2 

Tests.— As there niighl lie alioul 1ZO tons on each pair of jacks, each jack was lesled l< 
pressure of 100 tons, or lOO tons for the pair. 

No record h^ reached Kngland of the 
but it is known that both cost and time wen 
ihe Kngineer-in-Chief or the Contractor. 

SPECIAL CRANES FOR BRIDGE ERECTION.-In addition iu the liydrauUc 
launching and the floating appliances last referred to. brief mention may be mode of plant 
fijr erecting long span cantilever bridges, by using the constructed p(rtlion as the Support 
»r ihe erecting machinery without the aid of staging or floating plant. 

A portable derrick or other forni nf crane, with jib of suflicieni length and height 10 erecl 
one panel, is carried on temporary rails laid on the bottom booms : this is advanced as the panels 
nre completed and answers every purpose. 

The under carriage consists of a temporary staging of the lieighl and span necessary for 
Irucks bringing up materials to pass under it ; and so avoid possible inconvenience in slcwinjj 
the j ill round for its load. 

To provide for contingencies of this kind the derrick carriage or tower ha.s been as much as 
!00 feel nigh, with clearance at floor level for trucks with materials to be lirought to the front. 
The hoisting machinery may be on the carriage or tower, Inu it is usually preferable 10 fii it on 
a. separate carriage at a distance in the rear. 

A speciBl crane of suitable construction is sometimes carried on the top booms and anchored 
- -when m use — over ihe vertical posts of the trusses, the inachinerv being on a separate carriage 
on the bottom Imoms from which all motions are controlled. 

Hand-poirer Goliatb cranes of various types have been largely employed, but Ihe 
arrangements for erecting work of this kind ate so diversified, thai attention can be direcled lo 
<mly a few examples of plant of special type which have been successfully employed. 

FLOATING PLANT FOR BRIDGE ERECTION.— The engravings, Fig. 5146 
and Kig. 5147. showing, respectively, n main girder rivetled up complete and ready for erecting, 
nnd the girder placed on its seatings on the cylinder piers, serve to illustrate plant deseed and 
built by the writer which was employed in successfully and expeditiously erecting a bridge 
consisting of a number of spans each of 136 feel, over a river where the depth of water and any 
interference with navigation precluded the use of staging. 

Materials and delivery. — The cylinders and eirders (built by the writer's firm) were 
shipped in pieces of size and weight suitable for liandTing and delivery at the erecting groand. 
.\ temporary jetly was built al this poini, with deep water on each side, so that barges could lay 
alongside when discharging, as well as those for receiving the finished work as will be described 
liter on. This jetly was in still water, about 600 yards above the site of ihe bridge. 

Plant employed.— The cylinders were put down in ihe usual manner, the mud, sand, elc. 
being taken oul by grab bucket, and the cylinder then filled with Portland cement concrete. 

Rivettin^. — This was done as far as possible, before shipment ; the lop and bottom booms 
of the main girders were sent out in lengths convenient for stowing and handling and these were 
rivetted up, together with the bracings after delivery, on the above-named jelly, from which each 
complete girder vras transferred to the barges, these being equipped lyilh appliances for raising 
ihe girder lo the height required as shown in the engravings. 

Lifting plant — This consisted of a strong tower, similar 'n constniction to a pile-driver 
frame, fixed on each barge with powerful steam winch behind as seen in Kig. 5147. 

The girder, having been placed on the targes and lemporarily lashed to the lowers, was 
floated or towed into position, when the steam winches were set to work and in a few minutes 
the girder was deposited on its seatings, as .shown in the engraving. This haring been shored, 
the opposite girder was erected in a similar manner and permanently secured by the top bracing, 

RIVETTING PLANT.— It may be well to mention that sk 11 d lal«u U ng scarce 

and very expensive, a portable hydraulic rivetling plant of ihe p h wn n I g. 30S3 

sent out, and by the aid of this and the lifting plant, the bridge was (S n IV ) erected 
(juickly and al small cost. 

Since the work now referred to was completed, the same plant (* h d d ficalions) 

has been employed in the erection of many other structures, but pneu 1 1 ( 1 ainabie 
at that lime) would have been more convenient and ceruinly more ge 11 f 1 
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PORTABLE PNEUMATIC RIVETTING PLANT.-The arrangement now 
liriofly described was devised and successfully used for slrengthening and repairing bridges on a 
main line of railway, much of Ihe work K'iny of a naluie which could he most conveniently 
executed at the site'. 

Plant employed.— The machinery i.s mounted on an ordinan railwai «agon and consists 
of rivetling hammers, a gap rivetter, drillin machine and a chipping hammer all forked \it 
pneumatic pressure, generated (in this case) li)- steam po»er, the engine boiler, air compressor 
and receiver, water lank, rivet hearths, Sc. being earned on Ihe wagon so thai the installation 
can be located alongside (he work in hand, or at a distance from it as ma> be desirable 

More recent inslallalioiis have been driven liv a ga'4 or oil engine, wuh a small pump for 
supplying water to cool the air compressor and engine cjlmders 

The air is conveyed to the machines by iron lube I inch diameter with flexible hose 
and connections, so that ihey may be used in the niosl convenient position 

Advantages. — These are rapidity (always an important fealurt) but perhaps the principal 
advantage is that— if the plant is in charge of a good foreman— little or no skilled hbour is 
required, even for rivetting. 

One man working a pneumatic drill will do a-s iimch (and more) work than can be dtne b) 
five or six men drilling by hand. 

Two men with a pneumatic rivetter will put in mure rnets and the qualitj of work will 
|je superior to that done by three men hand rivclting 

The cost of a set of machines similar to tho-^ nm referred to will proliahh 
be about /350 to jf 450 



Fig. 5148 

CRANES FOR BRIDGE RENEWALS.— One or two portable or (l,y preference) 
l.jcomotive steam cranes, as represented hy 1-ig. 5148, are of great senice. The advantage of 
two cranes, when erecting renewal bridges, is that one can be used in the rapid demolition and 
removal of the old bridge, whilst the other is employed in preparing the new work for putting 
into place, and the power of both can l>e concentrated in handling pieces too heavy to be safely 
dealt with by one of them. 

STEAM CRANES.— That now illustrated is of lO- tons power, complete with all 
sories for hauling wagons am! for running with ordinary rolling sloci;, and is reproduced 
a phott^raph taken during a Sunday bridge renewal on an important niatn line. 
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Advantages of steam motionB.~Ii is claimed ihat a steam crane worked by one man 
will do more work in a given time than can be got through by twenty men working hand cranes, 
and where the local supply of lalxiur is as limited as it usually is, this alone is an impHittant 
consideration. 

The steam travelling motion admits of the crane t>eir^ moved quickly without the aid of a 
locomotive or horses, where either of these would be highly inconvenient. 

Facilities for altering the radius or reach of the jib, with even a moderate load suspended, 
are always desirable and sometimes invaluable. 

Another and more modern construction of crane for this duty is illustrated at page 114, 
this has a lower centre of gravity and affords the driver better supenision of the load and 
surroundings, but both are largely employed in railway service and approximate prices for both 
types will be found Iwlow and at pages 45 to 5t of Section H, 

LIFTING POWER AND RADIUS OF JIB.-Although mo.si ol the loads may 
be comparatively light, it is always convenient to have ample mar|^ns of strength, and for ihis 
reason, many ot"^ these cranes are of lo-tcms power. To ensure stability, however, when workin;j 
at an angle with the track, it is rarely desirable for the radius of the jib to exceed 16 to l8-feet. 

VariatiiMia in equipment— Cranes of both types are built wiih straight or curved jibs, 
with or without derrick motion, and some other variations which natumlly affect the cost, liul 
the subjoined figures represent the approximate cost with usual equipment, and it may be well 
to point out that two cranes of 10 or 15 tons power, may some times be more generally useful 
ihat one equal to a load of zo or 30 tons. 

I'Rii-ES OF Permanent Wav Steam Ckanes. 
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ERECTING RENEWAL BRIDGES.— This (usually Sunday) work must always, 
be done in the shortest possible lime, and the design of bridges, weights of pieces, the time 
during which traffic can be wholly or partially interrupted vary so widely that, at first sight, it 
would appear that the plant employed must be greatly diversified. To a certain extent this is 
so, but considerable experience goes to show that in reality the plant for erecting bridges of 
ordinary span needs to vary in quantity and power more than in kind. 

The object however of these remarks is to direct attention to some points which are nol 
always kept in mind, either in the drawing office or the girder yard. 

Des^^n. — In view of the paucity of labour locally, and the short time during which 
operations can usually be carried on continuously, they are obviously greatly accelerated by 
designing the parts in as large pieces as can conveniently be handled at the site for erection. 
or for final rivetting up and fixing. 

Inattention to these details has, in the writer's experience, far more than doubled the cost 
and time for handing bridges over for traffic which were practically identical in span, canyii^ 
capacity and local conditions. 

Distiiisuistiing marks. — Time spent in completely marking the various members 
before delivery, almost invariably means time and money saved in erection, but if not wholly 
neglected, this is sometimes done less carefully and intelligently than it might be, whilst if the 
precautkins aliovc referred to are taken, much loss of precious lime in seeking and assembling 
parts is avoided. The writer's practice has been to paint the parts which do not come ti^ther, 
in different colours, for instance : one main girder of a span may be painted red and the other 
green, the ends (or half) of the cross girders corresponding m colour with that of the main girder 
to which it has l)een titled. Other spans are, of course, treated in a similar manner and even as 
far as necessary, the kqjs or packages containing service Ixilts, rivets, etc. are marked in colours 
corresponding with the parts to which they belong. 

If these precautions are taken many valuable hours are saved in seeking and assembling the 
pirts, even if the erectors have been employed on ihe work in the builder's yard^and more if 
it is taken up by strangers. 

Attention may also be directed to the remarks at pi^e 203 on uniformity in design. 
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Siding tracks. — If cross-over roads are at some distance from the bridge, or when the 
renewal occupies a considerable time, involving temporary tniltic arrangements at thai point on 
a single line, much trouble and expense in signalling majr be avoided by laying in a temporary 
siding, and connecting it by a cross-over road to the main line before commencing the renewal 
of the remaining portion of the bridge. 

Such temporary sidings and connections with the main line can usually be pot in ready for 
storing the new materials prior to commencing erection ; they also serve for marshalling the 
wagons which carry away the old materials after they have been removed. 

BRIDGES ERECTED BY PURCHASERS. -The preceding remarks with 
reference to distinguishing colour apply very directly to work for export, or for being dealt with 
frequently by men without any sort of training or experience, and who even do not know how 
to use a two-foot rule. 

GANTRY CRANE FOR ERECTING LONG SPANS.-The plant now referrred 
to is an example of special lifting appliances for erecting a railway bridge with 250 feet spans. 
The piers are in concrete carried up from rock foundations, wiought-iron caisson and air- 
compies^ng plant (see Figs. 5117 to 5119 ) being employed in their formation. 

The depth of the girders is 30-ft. 9-in. at the centre and l6-fi. 6-in. at the ends. 

The gantry used in the erection of the posts, top booms and diagonals was a travelling 
platform carrying a tower about 43 feet high and an arm projecting horizontally on each side 
provided with jenney (and gear for traversing it about iz feet) for the purpose of picking up the 
materials and traversing them into position for erection. 

The platform and tower are mounted on four trolleys which travel on tracks laid on the 
leniporary decking, two hand winches fixed on the platform are provided for lifting— one for 
each arm — the loads being traversed along the arm into position for erecting by racking gear 
worked from deck level by hauling on an endless chain. 

This plant was devised by the engineer in chaise of the work and handled the heaviest 
section with perfect safety and great economy. 

BRIDGE BUILDING AT SITE.— This system, involving as it does the erection of 
buildings and working plant, and frequently accommodation for workmen and staff, has been 
adopted in buildii^ latge bridges on the continent of Europe, it is claimed, with considerable 
success due 10 savings in cost of transport, handling, etc. The most notable and successful 
exaniple of this in any countrv is, however, the Forth Bridge. 

This subject is mentioned chiefly to direct attention to the facilities now at disposal in the 
electric transmission of power, and appliances worked by pneumatic pressure for many operations 
incidental to the constniclion of bridges as near as possible totliesite where they are to be erected. 

HAND POWER GOLIATH CRANES FOR BRIDGE ERECTION.— 

Several cranes for this purpose have been built to designs specially prepared under instruclicrs 
Ir'im an experienced bridge erector. 

These cranes have a clear span of z2-ft. and a height of 3l-ft.. and are provided with two 
traversing ciabs each of 3 tons power, which are worked from platforms on each side of the 

The under-carriages are fitted with hand power propelling gear and the cranes (which 
spanned the width of the bridge) lifted and placed in position the main girders and the rest of 
the work, at very low cost lor labour. When the lines were completed the cranes were 
available for station service. 

The framework (Gantries) of the earlier cranes were built of pitch pine timber, hut those 
more recently constructed are of steel. 

The price of ea.ch crane ivith timber frame is about ... ... ... ^zoo 

If 'nrith steel framework, the price is about ... ... ... £2^0 

The cost of ironwork, including grabs, travelling gear, blocks, chains, etc., ready for 
mounting on timber framework, is about ... ... ... ... ... Al^S 

It will be scarcely necessary to mention that cranes of this type and to work from alxive, as 
I hose descriljed, or from ground level, are built of any power or span. 

ROOF ERECTION,— When the writer co-operaled in the design and arrangement of 
lite staging and plant illustrated by Fig. 5149, used more than 30 years ago in the erection of 
the roof of the Midland Railway Terminus at St. Pancras, he little thought that il would serve 
us the basis for the design of very many other installations subsequently employed, with marked 
economy in the cost, and in (he time required for the erection of Touh of lai^ dimensions. 

The staging was built of limlxr, the useful and convenient sections In iron and steel of 
reliable quality now available, being, at that period, non-existent. But the plant iin.swered its 
purpos; so well, that the work was completed with a rapidity and ecoimiiiy then unparalleled, 
and without loss of life or limb. 
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Fig- 5149. 

Machinery. — A double cylinder steam winch with duplex barrets was fixed at one end oi 
the trolley and a vertical cross lulie boiler al the other. The intervening space was ample for 
coiling rupe or chain, and the trolley was hanled forward as the work pn^essed. 

The lifting barrels could lie worked singly, or tc^ether, in single or double purchase, and 
the ends of the barrel shafts carried grooved capstan ends of large diameter, which were used 
chiefly for the high lifts. 

Tool troUey.^To avoid the inconvenience and loss of time incurred in sendir^ away parts 
requirinj; minor alteration, tools for repair, «c. a second trolley was provided and equipped with 
a blacksmith's forge, drilling machine, punching machine, vice lieneli, and sundry fitters' tools. 
This was attached to the machinery trolley and fully answered the purpose for which it was 
provided. 

GIRDERS & BRIDGE BUILDING MATERIALS. 

A considerable amount of information relating to structural steel work will be found in the 
following pages and this is supplemented by a few examples of the approximate cost of the 
bridges referred to, although it is really impossible to deal at all adequately with structures 
which must necessarily vary in innumerable details. 

BOW STRING GIRDER BRIDGE, IMh-ft. SPAN.— The roadway U i4-fi- 
wide and the bridge is suitable for road or railway traffic to carry a rolling load of about ao-tons. 
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The bridge is built of steel with buckled plates between the cross girders and costs about £1300 

LATTICE GIRDER BRIDGE, lao-ft, SPAN.— The roadway H-ft. wide and 
the floor is laid in concrete. The cost of (he stfeel woik with neat side railings, painted and 
marked and foi te-ercction is about ... ... ... ... ... ... ^£'950 

LATTICE GIRDER BRIDGE 36-ft SPAN and roadway i3.ft. 6-in. wide with 
steel trough flooring and suitable for country road traffic. The cost of the steel work painted 
and inaj-ked for re-erection is about ... ... ... ... ... £2^0 

STEEL PLATE GIRDER BRIDGE 42-(t SPAN and n-k. wide with close 
lattice work protection on each side. 

The bridge is constructed to carry a traction engine or other heavy road traffic ; the road- 
way is carried on steel trough flooring and the Cost is about ... ... ... £3So 

CURVED STEEL GIRDER BRIDGE 75-ft. SPAN and izft. wide; the road- 
way is carried on steel buckled plates and is used for carriage traSic- 

The cost of the bridge with neat side raihng is about ... ... ... £$5" 

OVERHEAD LATTICE GIRDER FOOT BRIDGE 40-ft SPAN and s-fi. 
wide, with stair way on each side and supported on cast or wrought iron colutnns, costs about ;tz;o 

A similar bridge, but with galvanised iron roof and close boarding on both sides and 
glazed for lifting costs about ... .,, ... ,. ... ... j£3SO 

WIRE ROPE SUSPENSION BRIEM3ES for foot passenger or animal ttafllc, 
are built for spans of 50 to 300 feet, with platforms usually 4 feel to 6 feet wide, and capable of 
-sustaining a distributed test load of 160-los. per square fool, or about twice the weight of the 
people who could stand on it. 

The towers which carry the steel wire ropes and suspension rods are constructed of steel 
•feclions with lattice bracing, and present a neat appearance. 

Weights of ports. — With the exception of the base plates for towers and the coils of steel 
wire suspension tope, the separate parts are quite light aud easily handled. 

Cost of bridges.— The whole of the metallic work, including the special tools required 
for erection, ranges from about ^£130 for a bridge of 50 feet span and 4 feet wide, to ahoat ;C65o 
for one of 300 feet span and 6 feet wide. 

The timber work in the platform is usually supplied by the purchaser. 

A brieve of 200 feet span and 6 feet wide (including the above-named tools) can be obtained 
for about jM^ and the total weight of steel and ironwork is about 8^ tons. 

Informatioii required. — In addition to the span and clear width of platform required, a 
sketch, with figured dimensions, should he furnished showing the section between banks, and 
the space on them available fur lowers and attachments. 

The nature of the formation on which the towers will be erected should be accurately defined. 



STEEL AND WROUGHT IRON GIRDERS. 

The following tables give the approximate weight in lbs. per foot run for girders of different 
spans, deptiia andsections, built of Siemens- Martin steel, also the safe distributed load (in tons) 
for girders supported at both ends. 

The girders ha>ve sliflen^s at intervals, and countersunk flush head rivets at bearings, arid 
are constructed throughout to Board of Trade regulations. 

Live Loads, or dead loads concentrated on the centre of girders supported at both ends, 
must not exceed one-half of those tabulated. 

Cantilever girders (supported at one end only) should not he loaded to more than one- 
fourth of the weights given in the tables for distributed load, or more than one-eighth for a rolling 
or central load. 

Wrought-iron girders must not be loaded to more than five-sevenths of the weights given 
for steel girders. 

Prices of girders. — With normal rates for materials, steel girders of the types referred to, 
with edges of plates planed and rivels closed by hydraulic or other machine, can usually be 
obtainetlat £14 to £1^ painted and delivered on trucks at works. 

If the rivet holes are drilled the extra cost is usually 6/- to 9/- per ton, but— if time permits- 
it is more satisfactory to have definite quotations for the quantities, sections and dales of delivery 
required. 
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SECTIONS, WEIGHTS, AND STRENGTHS OF 
ENGLISH ROLLED STEEL GIRDERS. 

Fig. S'Sf- 
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RIVETTED GIRDERS. 




Figs. 5150. S'5i. SIS*- SIS3. S'S4- 5"5S- 
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Box Section Steel Girdbrs, Weights and Loads, Type Fig. 5155. 
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STEEL OR IRON FLOORING PLATES, of the section, width and shape 
required for bridge and warehouse floors, are made of varied forms and strength to carry 
distributed toads ^om about 5^ to 23 cwt. per square foot of area, and are frequently used in 
lieu of cross girders. 

This arrangement gives increased headway and the joints being lapped, or made with hutt 
strips, and livetted, the flooring is quite watertight. It can also he used for spans not exceeding 






e made of aim 






ROLLED STEEL VALLEY OR GUTTER GIRDERS are made in sections 
varying /torn 8-in. wide overall and 4.in. deep, weighing about 28-lbs. per foot run, to Z3-iii. 
wide and 12-in. deep, weighing SS.lbs. pet foot, and — as girders — carry loads in proportion with 
their sectional area, Itequenlly dispensing with the use of columns and girders of the ordinary type. 



Fig. 5156- 
LATTICE GIRDER BRIDGES FOR LIGHT RAILWAYS.— The following 

tables of dimensions, safe live load, and approximate cost of biidges of the type indicated liy 
Fig. 5156, suitable for locomotive or animal traction, foot passengers or vehicles, will serve for 
purposes of preliminary estimate. 

Coiistraction.— The girders are steel rolled sections, lattice braced with holes in the top 
flanges for fastening the timber decking, but as this can usually be obtained locally, decking and 
hand rails are not included in the subjoined estimates of cost. Sleepers may be dispensed^ idi 
by spiking the rails to the wood floor. 

Prices of Steei, Lattice Girder Bridoes. 
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SAFE LOAD FOR STEEL COLUMNS.— See table, page 263. 

ROLLED STEEL GIRDER BRIDGES fur short spans consist of a pair of 
T section beams with holes in the top flanges for fastening the planking. If the girders are 
fixed S feet apart the planking may be laid across them to give a platform width of 8 to 10 feet. 

CwTTtag' capaci^.— The safe live load, in tons, is given fo( the respective sections 
and spans. 

Stbel Gihdbr Bridgbs ii fbbt span. 
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IRON BUILDINGS. 

Althoagh the use of wrought iron in the construction of roofs and buildings dates back only 
about 40 years, it would be impossible to illustrate, or even enamerale, the different types of 
these most useful structures which have been erected within that period, in all climates and for 
all conceivable objects, from a mere lean-to roof, to the most elaborate and extensive buildings 
for municipal, commercial and residential purposes, railways and docks, churches, factories, 
warehouses and so forth. 

Widely as these buildings differ in deagn, arrangement and dimensions, the following 
information may be of some service when questions relating to the approximate cost of useful 
buildings of given size and construction are under consideration. 

The cost per superfidal foot covered, with a description of the leading features contem- 
plated is perhaps the most simple way of attaining the last named object, and this basis has been 
adopted n^ether with tables showinc the approximate cost of roofs of different types and spans. 
Cai«fiil expert study may, however, indicate that the best results will be obtained by deviating, 
lo some extent, from the design originally contemplated, and so reduce (or increase) the total 
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lafortnAtion required.— This is best conveyed by a sketch of the roof or building, wiili 
figured dimensions, gccompanied by data relating to thickness of walls, section of columns, etc. 
if any existing. Failing this, the details should be descril)ed as accurately as posable, togethei 
with such notes as maylw necessary with regard to climatic and othei similar conditions. 

Buildii^^. — Sketches or description should indicate the siies, positions of doors, windows, 
etc. and the extent of ventilation required, the height from floor to eaves, or between floors, and, 
in the latter case, the dimensions and arrangement of rooms most convenient. 

The coat of woodwork is not included in any of the approximate estimates (unless f- 
specified). Wood and iron work in combination can frequently be used with advantage anil 
whether the former will be supplied locally, or must be provided with the iron work, should be 

Paintiiig and packing. — The ungalvanised parts are painted, the small pieces usually 
packed in cases and the galvanised sheets in skeleton cases weighing about 5-cwt. each, and the 
roof lies, elc. in bundles. The cost of this and of delivery f.o. b. varies, but is never a serious item. 



F'E- 5157- 
COMBINATION ROOFS TO COVER LARGE AREAS.— The arrangem, 



-ribed below. 

The cost of such buildings ranges from 1/2 to a/- per square foot of ground covered. 

RIDGE OR PITCH ROOFS.— The roof 
fixing to walls, or to iron or timber columns ; the purlin: 
with galvanised corrugated sheets. 

Ventilation may be provided by leaving an open space below the eaves, or by having a 
continuous ventilator above the apeii of the roof. The latter adds 3/6 to 4/6 per fool to the 
cost of the roof. 

The columns ma^ be of timlwr, wrought iron or cast iron, and the cost of the latter, 
per foot run of shed, will be found below. The height of the columns is estimated at 16 feet, 
»nd the distance apart 20 feet. 

The following prices, at per foot run, are for a length of not less than 100 feet of roof 
and this basis has been adopted in making the estimates of approximate cost of each item. 
Shorter lengths naturally cost rather more pet foot run. 

Prices of Riixje Rooks. 
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WAREHOUSE WITH CURVED IRON ROOF suitable for storing cotton or 
other inflaniniable materials and carried on iron columns about 15 feet high, with iron fiamed 
partitions and latge sliding doors, the whole being covered and completely enclosed with 
corrugated galvanised iron. 
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The cost of buildings of large area usually ranges from 1/9 to [/il pei supeiticiitl foot 

WAREHOUSE ROOFS ON IRON COLUMNS, a; above described, closed 
at the ^ble ends, but opeti all round Movi for 6l1ing in or nut, as required, costs about 
r/3 to 1/4 per superficial foot of ground covered. 

CURVED ROOF RAILWAY STATION SHELTERS.-A line of iron or 
timber central columns with cantilever brackets on each side, supporting a curved corrugateii 
iron roof, forms an economical structure which fre<[uently answers every purpose. 

The cost of a shelter of this type 150 feet long, with iron columns and brackeis cairyinf 
a galvanised iron roof iz feel wide, is about 1/3 per superficial foot of ground covered. 

The coat of erection, exclusive of masonry or other work on the platform, is usually 
about 5d. per foot run of shelter. 

PITCH ROOF RAILWAY STATION SHELTERS 25 feet wide, supported 
on iron columns on each side, costs about 1/9 per superficial foot of ground covered and 
the cost of erection under the above-named conditions is about 6!]d. per foot. 

RAILWAY AND DOCKS GOODS WAREHOUSES being almost invariably 
designed 10 suit local conditions, necessarily vary widely in dimensions, arrangement, number 
of floors, etc. the cost may range from about 1/9 to 6/- or more per superficial fcMjt of ground 
covered, but the following examples are selected as of generally useful dimensions, and the 
average prices of component parts being given elsewhere, there will be little difliculty in 
estimating the approximate cost of buildings of similar type, Init of other dimensions. 

CURVED ROOF GOODS WAREHOUSE.— Lai^e numbers have been built 
about 60 feet long, 30 feel wide and 14 feet high to eaves, with overhanging roof on each side 
carried by brackets attached to the iron pilasters which support the roof lies and timber 
bearers to which the iron covering at ades and ends is secured. 

Large doors are provided for goods service and one end is partitioned off, with separate 
door and window to form an office or special storage room. 

The cost of such a warehouse with means for ventilation at each end is about 3/- per 
superficial foot of ground covered, but the ends may be closed and ventilators in Ihe roof 
provided at a cost of about :8/- each. 

For packing, deliveij, etc. see page 217. 

PITCH ROOF GOODS WAREHOUSE about 90 feei long, 33 feet wide and 
f si feet high to eaves, the latter overhanging and supported by brackets from the iron columns. 
'I'he interior is lined with tongued and grooved timber and there are large service doors at 
sides and ends. 

The cost of the warehouse is aliout 3/9 per superficial foot of ground covered. 

CURVED ROOF GRAIN WAREHOUSES, timber framedand fixed on short iron 
vermin-proof colunms, and fitted with sliding doors, cost about 3/. per superficial fool of ground 
covered. 

WEAVING SHED ROOFS of the familiar type and about 20-ft. wide have corrugated 
galvanised iron on one side and lights on the other. The roofs and valley gutters between Ihem 
are carried on girders supported by iron columns, usually 12-ft. high and 2Z-ft. apart. 

The cost of these roofs is alxiut 1/9 per .superficial foot of ground covered ; the cost 01 
erection will probably be about 6d. per foot run of roof. 

COTTON GINNING AND PRESSING FACTORY.— Buildings for these or 
similar operations, to cover an area of 90 lo ico-ft. long by about 6o-fl. wide, are frequently 
arranged to receive a steam engine and boiler {or gas or oil engine), with ginning room, press 
house, repairing shop, stores and offices. 

The roofs are of Ihe curved type and fitted with ventilators, the ends and sides enclosed 
where necessary. 

The cost of sued) a factory with doors, windows, etc. is about i/S per superfidat foot of 
ground covered. 

PLANTATION BUIDINGS for the storage or treatment of coff'ee, sugar, indigo 
and many other products can usually be obtained at aSiul the same cost as ginning factories. 
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TEA FACTORY BUILDINGS, with upper floor used for withering and the ground 
floor, with side verandahs, for the rolling, firing, and sifting machines, and for packing, etc 
cost from about 1/6 to 2/3 pec superficial foot of giound covered. 

WITHERING RACKS.— In connection with the last subject it may be convenient to 
have the approximate cost of racks for the last-named buildings. 

StMl racks comprise two uprights with stays at each end and diagonally braced steel 
supports for the wires at intervals of about gtt. tt^ether with the necessary galvanised steel wire 
and straining gear. 

The materials for wood rocka consist of the necessary galvanised steel wire, straining 
screws and staples to support the wires. All woodwork is supplied by the purchaser and it may 
he mentioned that wood racks occupy much more space than steel. 

Vbices of Materials for Withering Racks. 



Length of rack 
Price of steel racks ... 

„ wires, etc. for wood r 
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STORE or " GO-DOWN,' with ridge roof about 13-ft. high to eaves, litted with 

wbdows and sliding doors and ready for erection on masonry or other foundations, costs about 
2/1 to 2/3 per superficial foot of ground covered. 

ROOFS FOR COOLIE LINES consisting of steel roof trusses covered with 
corrugated galvanised icon can usually be obtained at aoout the following prices. 

CtUTcd roofs, 1/- to l/l per superficial foot of ground covered. 

Ridge roofs, i/i to 1/2 per superficial foot of ground covered. 




feet 



Fig- 5'S8- Fig. 5IS9- 

MATERIALS FOR RIDGE OR "PITCH" ROOFS.-The 

constructed to carry corrugated icon covering for the respective spans when spaced 

apart. To save calculation, the tables show the cost of covering per foot run of roof of Ihi 

respective spans, with sheets of all gauges ordinarily used, including L steel purli 

temporary use (or for other reasons) the light gauges may ar ' 

well known— the heavier sections are far more durable. 

Principals to be roofed with slate should be spaced 
The rise is about one-fourth of the span. 

The prices of roofing ate based on the cost of recent years, and 
influenced by the fluctuations in the current prices of the materials used. 

Approximate prices of Ridoe Roofing, Fig. 5158. 
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Span of roof 


feet 




20 












;£2 3 


A 36 


in 6 


iS-o 


.^750 


Weight 


lbs. 


Z24 


350 


476 


546 




Covering per fool ru 


n of coof, 24 gauge 


8/9 


12/3 


■3/3 
14/10 

nl- 


15/8 


21/3 




" 20 " 






■i/. 


1917 


23/- 


Span of roof 


feet! 40 








60 


Price of each truss 


/Spo 


f.0.4 


<.2 7 




^182 


Weight 


lbs. , 952 


123? 


1456 


1736 




Covering pec foi>t r 


n of roof, 24 gauge , 22/- 


14/4 




3o/- 


32/9 






26/3 


30- 


w. 


m 








3S- 


42. 




., 18 ,. 1 33/9 


3s;- 


408 


44/6 


»' 
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MATERIALS FOR CURVED IRON ROOFS.— The following approxiniate 
estimates are made on Ihe same basis as those for ridge roofs, the trusses being 10 to 12 feel 
apart and complete with L steel purlins. If timber purlins are provided by tbe purchaser, the 
cost is proportionately reduced, but steel is usually preferable. 

For cost of packing, deliverj, &c sec page 217. 

Prices of Curved Corbugatbd Roofing, Fig. 5159. 



Span of roof 


feet 




20 


., 






Price of each truss 




^i I 


^1 7 6 




£3('0 


£4160 


Weight „ 


lbs. 




140 




378 




Covering per loot n 


1 of roof, 24 gauge 


8'3 


10/9 


'3/- 


15/7 


18/9 




" 20 " 


50 
10/10 


IS 


:& 


X 


21(3 
24'3 










19/4 


nn 




Span of roof 


feet 










60 


IVice of each truss 






^8,z6 


^10170 


^14150 


^1730 


Weight „ „ 


lbs. 












Covering per foot r 


11 of roof, 24 gauge 


22/- 


W4 


27/- 


30/- 


32/9 








26/3 


30/2 










29/7 


29/9 












34/- 


35/« 


41/6 


44/9 


50/6 



MATERIALS FOR IRON BUILDINGS —The following prices of niaterials, 
with the weights of sheets of the gauges and lengths ordinanlv used, furnish the data required 
for estimating tbe cost of such materials to be allacbed to timber or iron work provided by 
the purchaser. 

Corrugated galTanised iron.— Each sheet covers a net width of j-ft. exclusive of side 
laps, and any of the sizes mentioned can usually be supplied for 16/6 to 17/- per cwt. 
Weights of G^hanisee) Corrugairi) Skbbis. 



Length of sheet 




feet 


5 


6 


7 


8 


9 


Weight of „ 


24 gauge ... 


lbs. 


If, 


174 


244 


34 

28 


27 
3'4 








"b 


2$ 




34* 










27 


3= 


374 


42i 





Galvanised bolts and nuts for joining sheets, cost 4d. per dozen. 

Galvanised screws for fixing sheets 10 wood, cost 3jd. to 4d. per dozen. 

Galvanised capping for the apex of ridge roofs, cosis 6d. per foot rim. 

Ventilators for curved roofs cost about iS/-each and are usually fixed aUiUt 10 feet apart. 

Galvanised wrought iron eaves gutters cost about 7d. to 84d. per foot. 

Cast iron down pipes, painted, cost about 6d. per fool. 

CAST IRON COLUMNS.— The sections and weights of these vary considerably, but 
the average cost of columns suitable for sheds or warehouses from 25 10 63 feet span —at per foot 
run of building — will be found at page 2r8. 

STEEL COLUMNS, 1>eing (practically) ant 
shipment or long transit. The lower end is provided wilh a cas 
masonry or other foundation is required. 

Prices of Steel Columns. 



For painting, deliverj', elc. of these and other materials for iron buildings s 
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GRAIN ELEVATORS. 

PORTABLE GRAIN ELEVATORS are made of all capacities frum 20 to 100 ions 
per hoar (or more) for raising grain, seed. &c. from the huld of the vessel of any depth, and 
delivering it into store, or into liarge alongside, or for weighing and delivering it either into sacl: 

The elevator casiag I: 

40 feel, hut these proportions i 
and the mode of delivery. 

If the grain must be weighed on deck, the height abovethe combings is increased sufficiently 
to deliver the grain into the hopper, so that an elevator 29 feet long will not discharge a ship 
more than 54 feet deep, but — as already indicated — the lengths can be increased to adapt the 
elevator for the work to be performed. 

The telescoiHC le^ automatically descend as the grain is discharged, and admit of grain 
being raised from both sides of the screw tunnel simultaneously, or for raising grain conlinuoaslv 
if there is a ■■ list " to either side. 

The elevator plant, engine, boiler, etc. are usually carried on a bai^e provided for that 
purpose, the elevator gear, and engine to drive it, being lifted on board hy the ship's tackle. 

Informatitm required. — (i) The maximum and minimum dimensions of the ^ips to be 
discharged, or cross section showing the depth from top of hatchway to liotlom of hold and the 
dimensions and position of screw tunnels. (2) Dimensions of largest and smallest halchwa\-s of 
vessels to be disehai^ed. (3) Whether the grain is to be delivered on quay, or overside, with 
or without weighing, or wl^t combination of these operations is desired. (4I Whether the 
installation is to be complete with lioiler and accessories, to supply steam from t«irge. 

The cost of ft portable elevator to raise 30 tons of grain per hour with single 
telescopic leg to reach to a depth of 35 feet from the top of the combings and discharge into 
weighing machine for delivery overside or into sack on deck, with the necessary detachable chain 
and gear for transmitting power to the elevator, portable band conveyor and swivel driving 
ap])aiatus, engine of ample power, and beams to support the elevator on the combings 
is aboot ,., ... ,. ,,. ... ... ... ... ... ^^400 

The approximate weight of the heaviest piece is about tg cwt. 

The cost of a portable elevator to raise 60 tons per hour, with double telescopic 
legs to reach to a depth of 40 feet and portable band conveyors to deliver the grain into store at 
distances up to 80 feet, or into barge on either side, without weighing, and complete with double 
cylinder engine, etc. is about ... ... ... ... ... ... £syi 

The appro.timate weight of the heaviest piece is 39 cwt. 

The cost of packing for shipment and delivery f.o.b. is about 5 per cent. 



PNEUMATIC GRAIN DISCHARGING MACHINERY. — The advantages 
claimed for this sj'SIem are : 

1. Improvement in the grain by intimate contact with the conveying air. 
z. The facility for reaching any part of the hold and conveying the grain through 
tortuous pipes for delivery overside or into store. 

3. Entire absence of danger to life or limb. 

4. Low cost of working, no labour in trimming being required. The saving in this 

item alone is often equal to the whole cost of discharging. 

The machinery is usually afloat and is available for use in any part of the dock, harboiu, 
or river. It amsists principally of a set of steam driven air-exhausting pumps, with the necessary 
boiler, jiower and connections, the necessary suction and deliver}^ pipes, and towers supporting 
automatic air-locks through which the grain is delivered to a wei^n^ machine, from which it 
passes direct into craft along.'<ide, or into sacks as desired. Arrangements can also be provided 
ibr delivering at any point on the lop, or other floor of the grain store, all operations beii% 
carried on amoniaticaJly. 

Working capaci^.— There is scarcely a limit to the quantity of work for which machinerr 
of this kind can be constructed but, as a rule, lai^e plants are more economical (ban small ones. 
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Information required.— Full deiails should be give 
•luantily of grain or seed In be handled in a given lii 
veriically, ihtough which it is lo be conveyed. 

GRAIN CONVEYORS, ELEVATORS, Etc. are referred to at pages 224 and 225. 

GRAIN STORAGE TANKS.— Air-tight and vermin-proof cylindrical sieel tanks 
have been largely and sucessfully used in the United States ; the storage capacity of each tank 
lieing about 110,300 bushels. 

The dimensions of tbe tanks are usually about Jii-ft. diameter and the height 66-ft. 
The roof is dome shaped and provided with man-holes for filling the lank and for othir purposes. 
The floor is flat and is fitted with openings with sliding doors to regulate the rale nf discharge. 

Filling and emptTine;. — The grain is brought over the top (A the tank bya belt conveyor 
to fill the tank, a sinidar belt below the floor serving lo transfer the grain, which is discharged 
through the botlom openings, to the railway wagons. 



ELEVATORS AND CONVEYORS. 

BUCKET ELEVATORS {as distinguished from ladder and bucket dredgers, which 
are referred to elsewhere) are formed of a series of buckets fixed on an endless leather or cotton 
lielt, or on a tietaciiable link chain, which can be lengthened or shortened at pleasure, for 
raising grain, coal, ore, clay, and other malerials, wet or dry. 

Belt elevators are carried on turned pulleys at each end. the uppermost lieing the driven 
pulley, as are coHinionlv used in connection with grain elei-alors. flour mills, and olber industries. 



Fig, Sito. ! U 516' 

Cbain elevators. — Fiy. 51G1 represents one of the usual forms of the well knov 
or malloabic iron, detachable link chain belt driven In '.pri ckLt wheel, uid [s usual 
satisfactory, although a lielt fnrjned of long or short linked [inch ihini iin\, in sen- 
ile preferable. 
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The advanlages uf the chain elevator are that it is unaRecCed by temperature or moistuie 
and cannot slip even when running slack and at slow speed ; il is also very much more durable 
than a leather belt when raising gritty materials, although with a properly designed elevator 
either type can l>e largely protected when working under the last-named conditions. 

The buckets and duins are made of any desired dimensions, sliape and strength, with 
bodies solid or perforated as required for dry or wet materials. The front lip is of the same 
section as the body or strengthened by a steel band. For hard materials il is made either shovel 
shape, or serrated in draw in matter which does not flow freely. Steel tines are used for 
materials of more compact character. 

Seamless steel buckets represented by Figs. 5160 and 5161 are formed by hydraulic 
pressure from mild sleel plates of dimensions and strength suitable for the use to which they will 
be put, and of capacities varj-ing from 15 to 1000 cubic inches ; tho^e of larger capacities, or 
of exceptional shape or section, are made of two or more plates and rivelted up. 

The prices of seamless stcd buckets range from about 5d. to 30/- each. 

Detachable litik chain belt, a usual form of which is shown in Fig. 5160, is made in 
malleable cast iron or in crucible steel. The former costs rather less but is not so durable nc 
quite so reliable as sleel. 

The prices of steel chain range from about Sd. to 5/- per foot. 

Sprocket nrheels for driving detachable link chain are usually made of cast iron, and can 
be obtained in all dimensions from 4 inches to 4 feel diameter, the pitch of teeth being arranged 
to suit the chain. When ordering these wheels it should be indicated which of them is dtiveu 
and which is the driver. 

1 Wliilworth gauge (or template) and key 

BELT AND CREEPER CONVEYORS.— The number of purposes for which 
conveyors and elevators of these types are profitably employed in transferring and dischargir^ 
materials of all sorts, from grain or flour to masse* of rock or other matter — wet br dry — ate 
practically unlimited, and so are the ingenious appliances which have been (and can be) devised 
to fulfil almost any conceivable conditions. 

The driving power is small, the belt 01 
traverse in a straight line or at an ar^le — hi: 

one or other of the systems referred to. The space at disposal does n 
illustration even of the combinations in common use, but the following brief notes may be of 
some service in determining the arrangement best adapted for the purpose which may be 
under consideration. 

BELT CONVEYORS, whether of leather, vulcanized rubber, or textile fabric— so 
well known in connection with the transfer of grain, plastic materials, ore, etc. through long 
distances — can usually be arranged to discharge anywhere in the length of traverse, or to deliver 
on to other bells which carry the load in any direction desired. 

PLATE AND LINK CONVEYORS are constructed of any dimension desired 
for carryit^g heavy packages, slone, ore, and other substances (or which an ordinary bell 
would be tinsuitable. 

These conve)-ors are formed of a series of steel plates or wood slabs [or a combination of 
them) secured to 'iron or steel links of suitable length and section to constitute an endless flexible 
travelling table which can easily be lengthened or shortened, as occasion requires. 

The tables are supp<)rted by rollers where necessary, and arra 
for discharging automatically where desired. The driving powt 
conveyors working on an incline should be driven at the upper eno. 

Plate and link conveyors effect important savings in the time and cost of handlii^ 
merchandise and materials ; the saving in the cost of labour alone frequently amounts to 10 to 
25 per cent, per annum on the price of the plant. 

TRAY CONVEYORS.— The arrangements of parts is similar to that last described, 
but the table has sides — trough form — of the height required for carrying materials liable to 

If necessary these conveyors may be fixed at any angle up to about 25°. 
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PUSH PLATE CONVEYORS.— Another modification of the endless table type 
of conveyor is obtained by fixing plates across the lable al intervals, suilabie for preventing 
coal, ore, elc from scattering when traversing on an ascending incline. The tables are flat or 
trough shaped, and open or completely enclosed to suit the articles to be carried. 

JIGGER CONVEYORS.— This simple and useful arrangement consists of a steel 
trough of any desired section or length, with light spring supports at intervals, and a crank with 
the fittings and connections required to produce a vibrating motion throughout the lei^h of 
the trough ; this gear is fined under the Irough, where convenient, and requires little drivii^ 
power. The apparatus may be open or enclosed, and materials fed in at one end of the trough 
propelled forward by the vibrations imparted bv the revolutions of the crank ; the speed at which 
the materials travel is r^ulated by the speed at which the crank shaft is driven. A l3-inch 
trough will pass lO tons of ore per hour on the level or at a slight upward incline. 

DRYING OR STOVING CONVEYORS.-A ji^er of the last-mentioned type 
fixed in a heated chamber, will dry or bake matter during its passage through the clinmber. 
A similar result is obtained by conslructing the trough wilh a jacket to which steam or hot air is 
admitted, the speed of progression^in both cases — being regulated 10 give the desired exposure 

SPIRAL CONVEYORS, so lately used for carrying grain, flour, and many other 
products, consist of a trough provided wilh bearings and central shaft to which the spiral blades 
are secured and arranged to deliver to right or left as desired. 

The troughs are made of sheet steel or cast iron and the blades of rolled sleel plale of the 
section necessary for the nature and quantity of materials to be dealt wilh ; the blades are formed 
by hydraulic pressure and of all sizes from 4-in. to 4-fl. diameter. 

The following approximate pnices for current sizes of these conveyors suitable for liandling 
granular matter, sugar, small coal, etc. may be useful for reference. 

The prices are for conveyors of a minimum length of G feet, shorter lengths being charged 



Prices of Spiral 


COIL CONVEV 


ORS. 








Diameter of spiral coil ... inches 


6 


8 


10 


12 


IS 


iS 


20 


Aijproximate capadly per hour, tons 


- 3 


^ 


9 


'S 


e' 


33 


4S 


Prices of spiral only per ft. 


1/3 


2/- 


31- 


46 




$. 


8/- 


,, wilh shaft and bearings ,. 


4/- 


5/- 


7- 


9/6 


14/- 


20/- 


,. steel troughs ... ... ,, 


3/3 


' 4/- 


5/3 


7/- 


9/6 


10/6 


13/- 




3/9 


1 S/6 


7/9 


10/9 


■3/6 


'7/- 


iH/. 


,. outlets wilh slides ... each 


8/- 


9/6 


.1/6 


'5/6 


17/6 


21/- 


24/6 



SI of packing for shipment and delivery f.o.b. is usually about 5 per i 



CABLE CONVEYORS.— A simple and inexpensive form of c. 
an endless flexible steel wire rope with discs at intervals running in an iron 
or other suitable section. 

The cable is driven from either end and supported where necessai 
with open space in ihe rim to clear the discs. The discs carry forward 
pulp, refuse and the apparatus is equally eflicient whether the mailer is 



Lveyor is provided bj 



irovided by 
rough of V, 






by grooved pulleys, 
iterials such as coal, 
t or dry, but not so 



INCLINE ELEVATORS for carrying fibrous materials are provided with steel forks 
attached to a pair of endless chains with top driving and bottom carrying pulleys ; the frame, 
sides and charging hopper below are usually in timber. The chain being traversed in an upward 
direction, the sleel forks take their proper charge from the feeding hopper and deliver il freely 
at the upper end. 

VERTICAL ELEVATORS for raising casks, bales, elc. A pair of iron or limber 
uprights carry the drivii^ gear and a pair of endless chains, wilh brackets spaced to suit the 
work. One man only is required to roll the load on to the brackets, the discharge above being 
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STEAM TUGS AND LAUNCHES. 



SCREW STEAM TUGS AND CARGO BOATS.— The boat illusirated l.v 
l-'ig- Sl6a. with compound surface condensing machinery, was designed and built by the wrile'r 
for ast; in harbour cunslriiclion, and subsequently for coast service, carrying cai^o, towing, etc. 

Other bnals of various dimensions, fitted with compound, or with high pressure engines 
(prinripllv Ihc foruieri bavt- lieon delivered in steam or (in some cases) sent out in parts readi 
for eieclion at de.stinati.in. as dcscriUKl further on. 

The engraving represents the boat on its way for delivery at a Continental port. 

TUGS WITH HOISTING MACHINERY.— Some of these boats have l*en 
filled with hiiisting ni;\chinirv for working car^o in an open sea way, as well as ihe appliances 
for lowing barges W and fro.ii cjua)' or jelly. 

STEAM TUG WITH FRESH WATER TANK.- In other cases tar^-e fre^h 
water laiiks aiwl a slfani pump liavc been jinnided for .supplying ships' (anks, and salisfacti.rj- 
eatiiiiigs hiue ln-eii made ftoni this source, in addition, of course, to the lowing dues. 
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LAUNCHES AND TUGS FOR COMPLETION AT DESTINATION.— 
Boats of. the types Fig. 5162 and 5163 have (for various reasons) been sent out in parts 
properly marked, and machinery erected in place before shipment- 

BOAT IN FRAME. — Fig. 5163 represents a boat for lowing and passenger service as 
it appeared in the writers yard, with all machineir erected in place and the parts carefully 
marked for re-erection. Further facilities for assembling are afforded by painting the opposite 
sides difTerent colours, and as a matter of fact the work has been carried out mostly by native 
labour without trouble either in completion or in subsequent working. 

This system has been adopted for boats with steel plating which were sent out ready fur 
rivetting, an ample supply of rivets, service bolts, etc. being also provided. But with few 
exceptions the sheathing has been of leak or mahc^any both of which are strong and durable, 
do not shrink or warp when exposed to sun, and present a good surface when varnished- 
re sent in advance so that the boat was completed soon 
n the engraving. 

It will be understood that there is scarcely a limit to the size of boats built on this system, 
the stearing gear and such fittings, equipment, etc. as may be requited, being provided to suit 
the wishes of purchasers, 

INFORMATION REQUIRED.— A complete specification is, of course, the most 
satisfactory ; if this cannot be supplied, the fullest possible details should be furnished, the 
undernamed being essential : 

Dimensions and type of boat required and nature of service. 

Minimum draft of water. 

Strength of currents or speed of stream. 

Maximum speed for steaming. 

Kind and quality of fuel and water available and distance between points of supply. 

STERN WHEEL STEAMERS.— Information of the kind last named is required 
for designing and estimating the cost of steamers of this type, which as is well known, are 
highly successful where no other mode of propulaon would be possible. 
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STEAM AND OIL LAUNCHES. 

The requiremenis in regaid lo size, speed, accummodation, equipmenls and so forlh, are 
extremely diversLfied, that the following informalion is limited tt) that relating to the snialli 
but generally useful sizes and types of launches which are indispensable in river, harbour ai 
dock service. 

The prices are based on the working c( 
and may not accurately represent those cum 
approximate. 

Materkis and finish.— In all cases these are in accordance with the British Admiralty 
regulations, and — as regards materials — it may be well to point out that although pine is quite 
satisfactory in this and similar climates if kept well painted, it is less suitable than teak or 
mahogany for use in hot climates, and that the latter give better results in wear and tear, 
appearance and durability, in any climate. 

Speeds As a rule, those mentioned suffice for practical and commercial purposes, Ii'ji 

there is of course no sort of difficulty in producing launches for such higher speeds as may lir 

OPEN STEAM LAUNCHES CLINCHER BUILT.- The boats are built and 
engined as above described. The boiler is vertical, of ample power, and is easily cleaned. 

Launches with compound machinery.— Unless otherwise agreed the condenser is BxeA 
outside in the usual manner, but it can be fixed inside at a small extra cost. 



Prices 


OF Clincher Bt;ii.T Open Launch 


ES. 




Length of boat 

Beam of boat 


feet 






14 
5i 


26 

51 


.S 1 3. 

6 . 64 


Depth of boat ... 

Speed, miles per hour ... 

Price of Launch in Pine, 


about 


34 
7 


34 

7 


35 

7 


¥ 


39 ; 40 
8i 1 8i 


with high p 
Price of Launch in Teak o 
Price of Launch in Pine, 


ressure machinery 
r Mahogany 


i:i° 


£'9S £2,s 


^240 


g^slgll 


with con 
Price of Launch in Teak o 


pound machinery 
r Mahi^ny 


gi 


£2i7 ji24S AS5 \£3o& '£33° 
£.2fyo i-27o £3^1 £340 ji36S 



STEAM LAUNCHES, CARVEL BUILT, WITH CABIN.— These boats ai 
built and engined for higher speeds than those last referred and the three larger sizes ha* 
decking as well as cabin. 



Prices of Carvei. Built Steam Launches with Cabin. 


Length of boat ... ... ... feet 




f Ui ^ ! ^ 




6? 








Speed, miles per hour ... ... about 

Price of launch in pine, with high pressure machinery 






/l^^ 


.£358 .£435 ( £^^ 1 ^700 




/412 £f^S 1/760 ZSoo 


„ in pme, with compound machinery i390 '^440 Cdt^ \ £no \ £,^\o 





LAUNCHES WITH OIL ENGINES.— The engines work with the ordinary 

paraffin (or kerosine) lamp oil, and are ready to start at any time, at a few minutes notice, no 
attention being required during the run, and no labour or fuel wasted, as in stoking a steam 
boiler when waiting. 

Machinery and accessories.— These consist of a compact oil engine, screw propellor 
shaft, bronze reversible screw propellor, tank to carry a supply of oil for 8 lo lO hOurs run, and 
connections between it and the engine. The consumption of oil is about I pint per brake 
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OPEN LAUNCHES WITH OIL ENGINES.-The boats are clincher buili 
;1 copper fastened, and aie fitted «ilh machinery and accessories as above described. 

PKiCKS OF Opbn Oil Launches. 



Length of boat 


feet 


16 IS 


7n 


77 




26 


Ileamofboat 




<4 4l 








6 


Speed, miles per hour .. 


al)oul 


Si 54 


S 




*■} 


7i 


Brake H.P. of engine .. 










/7IS 




I'rice of launch in I'ine... 




*;fs f2 


/,117 


An, 


.£303 


Trice of launch in Teak a 


nd Mahogany 


<m 


^JOO 


/227 




Approsiniate weight 


... C.I.. 8J 1 ,4 


lOi 


17 


'9i 


24 



OIL LAUNCHES WITH CABIN -These ai 

achinery as last described. The cabin is aft, and is complet 

If ibe cabin and engine room are in Teak, the extra cost 

Prices of Oil Launches wirr 



carvel built and fitted 1 
with windows and plain seu 



Lengthof boat ... 


feel 


30 


35 


40 


45 


SO 
















Speed, miles per hour 


about 


7A 


7 


7>, 


7j 


7 


Brake horse power of engine 














Price iif launch in leak or mahogany 






A4lB 




/,b70 








/.4lt> 


/4>o 






£820 


Approximate weight 


tons 




21 


3i 


4i 


5 



SEAMLESS STEEL BOATS OR CUTTERS.— The inconvenience and loss 
caused by the rapid deterioration of limber-built boats, or even of sleel boats composed of 
small plates with a number of seams of rivets, has led to the invention now referred to which 
completely removes these defects. 

The boats are built from 18 feet long to carry 12 men, to 30 feet long to carry 50 men, but 
only a few usefiil .sizes are tabulated ; other sizes are, however (practically), in the same ratio 
as regards dimensions and cost. 

Materials and cOnstructloii.-'The seamless boat consists of two plates of mild steel, 
moulded to shape, and rivetted ti^ether with a bulb-shaped steel bar between them which forms 
stern, keel and stern post, so they remain watertight and perfectly serviceable under exposure to 
heat or weather which is fatal to boats of the ordinary type. 

Galvanized iron air-t^ht tanks at bow and stern insure flotation even if the boat is full 
of water, and each boat is complete with rudder and rowlocks, hook at each end for lowering, 
nnd with gunwale, strakes, seats and bottom boards fitted in the usual manner. 

SEAMLESS STEEL LIFEBOATS are built as above described, and are fitted 
with yellow metal, galvanized iron, wood, copper, or wood fibre tanks, rudder, tiller and life 
lines, and with BoukI of Trade outfit, the cost of which is given separately and can be supplied 
with any of the boats. 

Board of Trade outfit. — This comprises ash oats, boat hook, mast and yard, sea anchor, 
painter, water-breaker, oil distributor, compass, lamp, oil can, tomahawks, and bailer. 

Pricks of Seamless Steel Boats or Cutters. 



Carrying capacity ... ... men 


16 


20 


26 


J%. 


40 












Beam of boat 


6-fl. 




i6-fi. 8-in, 


7-ft- 3-in- 


8-fL 


Depth 






|2-fl. g-in. 


3-r<. 




I'rice of boat as described abont 


^35 


/Ar> 


1 £45 


/48 


£5^ 


Price of lifeboat with yellow metal tanks 




£so 






£6^ 


Price of Board of Trade outfit 


16 


£7 


1^7 .0 


£S 


£9 



s necessary, and delivery f.o.b. is usually about 
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FLOATING DOCKS. 

Although it is impossible in the limited spuce al disposal to treat this important subject at 
■11 exhaustively, attention may be directed to some of the advantages offered by a floating duck 
iivei a graving dock built in masonry. 

Prominent amongst these are : 

Large choice of site and absence of difficulties in r^ard to itistallation, infiltration, \c. 
Low cost (probably one-third to one-half of that for a masonry dock) and very rapid 

construction. 
The short time occupied in docking. 
Endless variation in size and form to suit local conditions, and great facilities for 

A floating dock can be built complete and towed to its destination, or it can be liiiill 
in the locality where it is tu be employed. 

The dock may be ofT-shore and tied to it, or of the the double wall type, and available f<T 

In both cases the floor of the dock is usually formed of mild steel water tight pontoon>. 
rectangular in shape, with the necessary bulkheads, stiffeners, &c. and connections to iht 
centrifugal pumps. 

The sides are constructed in a similar manner, and are arranged to carry the pumps anil 
machinery for driving them, as well as the bilge blocks, side shores, gear for hauling the ship, 
cranes for manipulating materials, &c. ; ample margin is provided for freeboard when sinking 
for docking, and in pumping power for discharging the water ballast used for that purpose. 

In addition to some advantages in lightness of construction in olf-shore docks, the facility 
for sheering sideway on to the dock, insteadof swinging across, as required in entering an ordinary 
granng dock, is sometimes an important consideration. 

Electric equipment.— Probably electric power transmitted from shore will be mure 
extensively used in the future than it has been hitherto. This saves the weight of boilers, water. 
fuel, etc. for working the pumps, cranes and other machinery, and practically all operations can 
be controlled from one point. 

FLOATING PONTOON DOCK.— The following description relates to a dock ,.| 
the double wall type which was built for a continental power, and was towed to its destinalioji 
after completion in this country, affording an excellent ejtample of facility for transport. 

Dimemtoiw. — The dock is constructed to lift a vessel weighing 13000 tons. The lenj;ili 
is 450.feet between perpendiculars, the breadth of pontoons is ri7-feet, and their depth I3.|i:et 
6-inches, each pontoon being divided into ten water-tight compartments. 

Antmgeinent of machinery. — The engines, boilers, centrifugal and donkey pumps an- 
fixed in towers on each side of the pontoon, and each watertight compartment is connected with 
the centrifugal pumps which are capable of discharging 1 1 *S00 tons of water pet hour against ;. 
head of 88 .feet. 

Very useful features in this dock are exceptionally convenient arrangements of bilge block*, 
and of appliances for mooring, speaking tubes between all departments, and facilities fir 
disconnecting and docking, on the pontoon itself, any portion of the dock which may require 
repair or painting. 

ELECTRIC LIGHTING INSTALLATION.— It may be mentioned incidentally 
that this was provided, with se^fch lights and all appliances necessary for working throughout 



Sectioi 

FLOATING DOCKS BUILT IN TIMBER.— Examples are given at presto 
and 81 of Section III. of this H.indbook of pumps and engines for floating docks, some of which 
have been required for comparatively temporary purposes, but all were built of timber at, or near 
to, their destination, the engines and mechanical portions being sent out ready for erection. 

The accommodation re<]uired was obtained with a small captal outlay, and one of the docki 
which was Ijuilt and equipped for permanent service has been a great financial success. 
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CHAINS AND ROPES. 

CRANE CHAINS AND SLINGS.— Seeing thai failures of lifting chains and slings 
cause so much loss by damage, as well as risk to life and limb, it is singular that so little 
attention is raid to the quality of iron from which the chains ate made or to their maintenance 
in good condition ; indeed it is far from unusual to have a. link put into a chain or sling by a 
smith unaccustomed to such work, and straightway used without the further examinalion or test 
which ooghl always to be made. 

Tests of chains. — The chains and chain slings referred to in the following tables are made 
of special chain iron and the approximate prices include the cost of testing to lo per cent, 
beyond Admiralty proof strain. 

Lloyd's Test^If a certilicale of Lloyd's test is required the extfa cost varies from 3/- to 
1/6 per cwt. but the chaige to cover the fee paid for testing, carriage to and from the test 
house, etc. is Uusally about 2/- per cwt. 

Annealing and examiiution of chaias.^A precaution rarely taken, but of far greater 
importance than is generally reci^nised, is that of periodically inspecting, annealing and testing 
all lining chains ana chain slings. 

The links of chains in constant use must necessarily be strained alternately in opposite 
(iireclions and this (especially with chains working at high speed) leads to nnperceived deteriora- 
tion which may make them positively dai^erous, even when carrying comparatively light loads. 



additi 



Annealing usuaUy rt 
^refill exaraini 



:s elasticity, but even this ought not to be relied 






vithout, ii 



SHORT LINK CHAIN, PROOF AND WORKING STRAINS, 
WEIGHTS AND PRICES. 





Proof 


,a. 




T QuALrrv. 


B^ 


r Best Qu 


*.irv. 


Working 


Baking 


Price 


Working 


Breaking 


Prici 


Si«. 


Strain. 


Load. 


W«ghl 




Load. 


Wdght." 


Per Foot. 


in^ 


tons. 


lbs. 


ions. 


ions. 


s. d. 


tons. 


lons. 


s. d. 


A 


■40 


■50 


■20 


■87 


4! 


■20 


■8 


3S 


i 


75 


75 


-40 


I-7S 


4i 


■30 


1-6 


4i 


A 


III 


1-25 


■60 


*-7S 


5S 


-50 


2-5 


Si 


1 


1-62 


1-66 


■90 


3 -62 


6i 


■70 


3-5 


6i 


A 


2 -25 


225 


!■! 


5-5 


8i 


roo 


5-2 


8 


i 


3-00 


2-91 


I '5 


7-25 


10 


1-3 


7-2 


9i 


A 


375 


3-66 


'■9 


g-o 


r 


'■7 


8-5 


"4 


i 


4 '62 


4-50 


24 


1 1 '25 


I 2 


2-1 


II -o 


I 14 


n 


5-62 


5-25 


2-g 


'3-5 


I 4i 


2-5 


130 


I 3i 


i 


675 


6-16 


3-5 


:6'o 


I 6i 


30 


15-5 


I 54 


» 


790 


7'i6 


4'' 


igo 


I 9 


3-6 


18 -0 


1 7i 


i 


9'i2 


8-5 


4-8 


22 'O 


2 


4'2 


21 -O 


1 loj 


H 


lo-s 


9 '5 


5-5 


250 


z Ij 


4'S 


24.0 


2 I 




12 'O 


n-o 


62 


280 


2 SS 


5-4 


27-0 


2 4i 


i_'_ 


13 S 


13-26 


70 


31-5 


^ 81 


6-2 


300 


2 7 


li 


1512 


13-66 


7 9 


35 ■" 




6-9 


33-0 


2 lOl 


>J 


>875 


16 'O 


97 


43 -o 


3 64 


8-5 


41-0 


3 4* 


.» 


22 '62 


I9'6 


ii'S 


52-0 


4 4 


10-3 


51 -o 


4 '4 


■4 


27-00 


23 '3 


140 


62-0 


5 2 


12-3 


61-0 


4 'o| 
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LIFTING POWER OF BLOCKS.— The following table gives ihc test load f<,r 
pulley blocks, but the wOrkiDg load should not exceed about half the (est load. A sheave 
9 inches diameter carries a lest load of 35 cwl. and, if z and 3 sheave blocks are used, we have 
5 parts " 35 = 175 cwt. or 8J tons ; the safe working load, therefore, is about 4^ tons. 



Diameter of sheave. ..inches 
Test load each sheave ewts. 


5 


6 




9 

35 


^ 


60 


75 


'4 
90 


16 



PULLEY BLOCKS "London pattern." Fig 5173 to 5176.— The side plates and 
strengthening strips are of mild steel and the ctosshead and hook are wrought iron forgings. 
Blocks with sheaves exceeding 9 inches diameter ha(e swivelling loops. The cost with fixed 
loops is much lower. 

1 below ; the width of the (jroove 

1 Sheaves) Fig. 5173 10 5176. 







R 




ri 


.. ! .. 1 . 1 . 


Width of groove ,„ „ 4 1 


1+ 


1* 


I? 




2* 1 2i 1 2i ■ 3J 


Size of chain ,, J -i^„- 






i* 


A 




i'rice, 1 sheave, Hg. 2324... 6/6 ' 7/6 


()/6 


12/6 




30/. 




,■ 2 „ Fig, 2325,-, 9/6 1 It/- 


lb/- 


22/b 


«/- 


<i°l- 


90/- ■ I05/-I 126/- 175/ 


.. 3 - Fig. 2326-- 13/6 t4/6 


21/- 


30/- 


4S/- 


70- 


Its/-; 140/- '7°/-. 240/ 


., 4 ., "7/3' »/■ 


10/- 


42/& 




qS/- 


140/-, 165^ 200/-; 300/- 


„ Snaichblock,Fie.2327, 7/6 | 9/- 








42/- 


50/- 1 75/- 95/- '45/- 



GALVANISED BLOCKS c 



■e than (hose above given, 
love described and to carry If 



. Fig. 5173 10 5176, WITH Brass Sheaves. 



Hi 


meter of sheave ...inch 


S 


fi 




H 




,0 


,, 


.. 


14 1 16 


E'r 


:e, I sheave, Fig. 2324 


.0/3 


13/1 


IS/O 


21 /Q 


340 


W/- 


7a/- 


06/- 


l46/-,253/- 






<7l- 


21/- 


2S/Q 


41/- 


61/6 


102/- 


iSo/ 




286/-'47o/- 




3 .. t'U'- 2326 


24(0 


20/6 


30/0 


S7/M 


«q/3 


14M/- 




26h/- 


4is/-,685/- 




4 „ 


32/3 


40/. 


s^/- 


79/(. 


124/- 






3S2/- 


620/-960/- 




Snatch block, Kig.2327 


"13 


■4/- 


'7/3 


23/3 


3W3 


68/- 


90/- 


122/- 


170/- 263/- 
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CHAIN SLINGS.— The chains are made of "beslbest" iron, the hooks and rings ate 
•^i Npecial quality, and all are tesled lo full Admirally proof strain as stated at page 

The lengths specified are lengths of chain, exclusive of hooks or rings. 

The double slings are exactly equal in length, and all the prices are for the slings 
complete, ready for use. 

For prices of slings of intermediate or greater lenglh, add at the rate pet foot for the size of 
chain required. 

Slings of la^er size of chain are made if required. 



Prices of 


DOUBL 


E CHA 


N Sl.J^ 


C.S. 








Size of Chain . ... inch 


■'ff 


+ 


■,*,f 


i 1 A 


i A 


Price of sling 3 feet 


6/6 


8/- 


10/6 


>4/- '7(3 


21/- j Z4/6 




K/lo 


lo/t, 


n/6 


17/4 iW/ll 


258 ; 27- 




II/2 


n/- 




20/8 


24/7 


304 i 34/6 




14/8 


16/Q 


^ll- 


2VS 




37/4 42/- 


Extra length ... ... per fool 


1/2 


'/4 


1/6 




I/IO 


!/4 


2/6 


Sireofchain inch 


1 


ti 


f 


i 




tA 


li 


Itee of sling 3 feel 




14/6 


18% 






12S/6 




35/9 


4T/6 


4(>;3 


58/3 80/3 


107/- 


,43/6 




41 /I 


48/6 


'14/3 


68/3 93/3 


123/- 


161/6 




SO/P 


so/- 


66/3 


83/3 ; 112/9 147/- 


188/6 


Extra length ... ... per fool 


./- 


3/0 


4/- 


5/- 6/6 8/- 


9/- 



Prices 


■)F Single 


OR Lashin 


Chain Slings. 






Siie of chain ... 


inch 


A 


+ 


l'.F 


f 


1^ 


* 


A 


Price of sling, 3 feel 




1/1 






71- 


8/7 


.o/,o 


.2/9 






4/^ 


';/4 




8/8 


io/=i 


13/2 








0/2 




9/- 






16/8 








8/6 


ro/. 


12/- 


14/6 


16/10 


21/4 


24/- 


Extra length ... 


per foot 




8d. 


9d. 


lod. 


iid. 


1/2 


1/3 


Si^e of chain 


inch 


S 


\h 




^ 


1 






Price of sling, 3 feel 




16/- 


1K/3 


»./- 


77/6 


37/0 










19/- 


21/9 


2S/- 


32/6 




S8/- 


70/6 






21/6 


27/- 




40/- 




70/- 


84/- 






29/6 


14/- 


10/- 


SO/- 


67/- 


Sb/. 


102/- 


Extra lenglh ... 


. pet foot 


1/6 


1/9 




2/6 


.3/3 


4/- 
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Prices of Collar or Slip Chain Slings. 



Size of chain ... 


inch 


A 


i 


A i i 

3/7 ; 4/2 


A ' i 


A 


l-rice of siing, 3 feet 




7/6 


3l- 


5/- 1 5/6 


6/6 






vs 


44 




6;,o ',!••> 


0/- 






S/S 


6/4 


7/4 


«/4 


9/7 1 1/4 


lJ/0 








lh 


10/4 




'3/3 16/- 


17/9 


Extra length ... 


... per foot 




Sd. 


9d. 




■ ,d. ,/, 


■/3 


Siieofch^n ... 


inch 


4 






s 


. 1 .i 




Price of sling, 3 feet 




0/6 


.1/9 .7/6 


z,/. 28/ 


31/1 






!■ 






17/6 j6/ 


4Z/1 






IS/t. 


iHh 




37/3 ■ 48/ 








2,1b 


2S/1 


29/9 40/ 


SO/3 1 64/ 


73/9 


Eitra length ... 


... per foot 




'19 


2/- 2/6 


3/3 4/- 


4/0 



' Endless Chain Slin( 



Size of chain .,- 


inch 


A 






t 


4 


-ft 


Price of sling, 6 feel 




4/6 


^1- 


■i/io 


618 


7/8 


0/- 


lo/- 






!» 


6/4 


7/4 


8/4 






lz/6 






Oto 


78 


8/.0 






11/8 


is/- 






«/- 


0/- 




■ 1/8 




161- 


■ 7/6 


Extra lengtii 


. . per fool 


7d. 




9d. 






l/z 


1/3 


Size of cliain ... 


inch 


, 


H 


J 


ii 


, 


1* 


Ii 


Price of aling, 6 tea 




IZ/- 


Il/lO 


16/. 


zo/- 


z(/6 


11/1 


35/- 






lyt. 




ZO/- 


ZS/- 












I«(- 


zo/l. 


Z4/- 


10/. 


18/6 


47/1 


11/- 






106 




z«/- 


n/- 


41/- 


1(1 






... per foot 


1/6 


'/9 


»/■ 


Z/6 


3/3 


4/- 


4/6 



STEEL WIRE ROPES.— The kind of tope to be used depends o 
which it is required. Cheap ropes, which would be quite unsuitable for lifting f 
demanding majumum strength in limited weight and great fieitibilily, may be quite well adapted 
for withstanding friction, where flexibility is of no importance ; but with wire ropes — -as with 
most other things— the best is almost always the most economical. 

Winding and crMie ropes should be made of best flexible steel wire, the strands — each 
with hemp core — being wound around a central hemp core. The strength and durabiljtj' of a 
rope are due to the quality and homt^eneity of the steel used and, to ensure these conditions, 
each wire of each strand is tested to a high tensile strain in the process of manufacture. 

Testing wire ropes. — Each wire having been tested during the process of manufacture. 
a final test— such as that applied to chains — is unnecessary and undesirable. Testing the finished 
rope stretches it unduly and the margin between "breaking strain " and "working load," as 
given in the following tables, provides an ample factor of safety. 

WINDING AND HAULING ROPES.— The size of rope recommended for a 
given weight lifted vertically, will serve for determining (by the usual formula) the size of rope 
lo be used for the gradient, weight and speed of haulage for which it is to be employed. 

Drums and pullm for wire rope. — It will scarcely be necessary to point out that the 
diameters of drums and pulleys should be as lai^e as can conveniently be used, and that verj- 
sharp turns in the direction of travel should be avoided as far as possible ; it will be found that 
if thuse details are attended to, the life of the rope will be considerably enhanced. 

Lubricant for wire ropes.— Winding and crane ropes should be thoroughly wei: 



lubricated with a compound of 



and befori 






egetable oil and plumlHgo, when the rope is quite dry 
the condition 
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WEIGHTS AND BREAKING STRAINS OF STEEL WIRE 
ROPE, WHITE MANILLA, TARRED MANILLA, AND 
WHITE RUSSIAN HEMP ROPE. 







Steel Wire Ro 


E WITA 


TB KOH 














„„.. 


ClBCUM- 










"^; 


;;• 


Ro 


Fr 


W^ 


RWB. 


'^wr^^".'!" 


M,«H*«i...B 




B^k. 


Weigh. 
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y^S 
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y«d IS-rain 
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lbs. 
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lbs. 


,o„. 
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I| 


5 


I 


3i 
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413 


'i 






4i 


3 




... 1 ... 










454 


la 


74 


'i 


64 
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li 


8i 


li 


7i 


li 


* 


i J 


A 


i§ 


U 
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ig 


10 


■1 


84 


'9 
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■1 


II 


li 


9 


14 


lA 


J 


•A 


1 


i§ 


i 
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'i 


>3 


If 


tl 
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2 


"4 


IT^ 


12 


I-I^ 


■i 


"i 


.'* 


i 


I 






702 


ii 


"5 
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2i 


16 


24 


14 


«i 


i* 


is 


■1 
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IJ 


*j 
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ii 
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2fl 


22 


3i 
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27 
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3J 
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3 


30 
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3 


■1 


ij 
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3i 


33 


4i 


27 
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36 


4S 
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4i 


3A 
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38 
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Si 


3* 


Si 
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3i 


41 


S3 


33 


Si 
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4iii 
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3M 
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38 


4S 
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36 
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70 
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'4S 
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WORKING LOADS FOR ROPES. Steel wire ropes.— The working load 
should not exceed one-sixth 10 onelemh of [he breaking strain ; even a latter mai^in may 
be needed if the pulleys are of small diameter, or crmtinuous work at a high speed is required. 

The working loads on hemp rope should nnt exceed 10 to 12 per cent, of the 
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TIDE RECORDING APPARATUS.— VaHous appliances have been devised and 

made for obtaining permanent Tecords of the date, lime, duialion, and extent of rise and tail in 
Tidal waters, Reservoirs, etc. That now referred lo, constructed for a Colonial Government, 
provides a permanent diagramatic register of all these conditions, always available for referenci;. 

Tlw recordinE instniment consists of a dram which carries the chart paper and is 
caused to revolve by clock work, an indelible pencil in contact with the chart paper recordini; 
the time and extent of variation in water level, as described later on. These appliances arc 
fixed on a cast-iron bed— similar to a lathe bed— at a height convenient for observations. 

The drum is arranged to receive dit^ram paper, properly ruled for a record of one month, 
with datum and cross lines, and is speeded to make one complete revolution in one month. 

The peacil holder, with its traversing and tension gear, is connected with a float on the 
surface of the water, the rise and fall of which is registered by the traverse of the pencil between 
the vertical lines, the time being recorded between the hoiizontiiE lines, during the slow 
revolution of the drum. 

The clock is of the pendulum type, with dial and gear to rotate the chart drum in one 
month. The chart paper is renewed monthly, and that removed filed for future reference. 

The price of the recording i^)paratus, exclusive of packing and delivery is about £ts- 

Ruled chart pcqier for two year's supply costs £12, or ^'14 for a four year's supply. 



TESTING MACHINES. 

OIL TESTING MACHINE.— That invented by Professor Thurston, for deterininit^ 

the properties of oils and their true value as lubricants, is perhaps the best known and is 

Price of oil testing nMchine, for l^jearings up to i^ inch diameter, suitable for factories, 
oil stores, etc. is £a 

Oil testing: machines for bearings up to 7 by 3I inches and for pressures up ti> 
5 Ions, as built for railways, cost ... ... ... ... ... ... ^5) 

RECORDING TESTING MACHINE, arranged by Professor Thurston for le.siiny 
the tensile strength, elasticity, ductility, resiliance and homogeneity of metals or other materials. 
coijMsls of a strong iron Iranie mounted on a foundation plate and provided with all appliance* 
for testing metals up to fi-th of an inch (16 m/m) diameter under the above-named condition.", 
and automatically registering the result of each test. 

The price of a machine of the above-named capacity and suitable for taboralorv 
work is alwut £io 

STANDARD CEMENT TESTING MACHINE for testing the transverse ot 
tensile strength of sections of the usual dimensions (i\ by i^ inch) without vibration. 

The price of the machine is ,,. ... ... ... ... ^35 

.\ set of miiulds for test pieces costs ... ... ... ... ^i 5s. 



iting the power absorbed in motion, are made at abuut 



To test up to H.P. 

Price ..r p.>rlahle machine 
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8 

£f^ 


So 

in 



MORIN DYNAMOMETERS a 

the number i,f revolutions made i>v lllc : 
developed in f.iot- pounds. 





P 


ILES OF MoRIN DVN 


AMOMETE 


RS. 






Tote 
Price 


:;,r™„» 


H.P. 


^48 


6 


L°^ 


L^ 
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COAL TESTING APPARATUS.— The appliances for testing coal, coke and oih« 
fueU 10 determine their value for healing purposes, are enclosed in a neat case complete wilh 
test tulies, glass scales, elc. 

The price of the apparatus wiih appliances for testing lignite and sulphuretted 
hydrogen gas is ... ... ... ... ... ... ... ^S lOs. 

DEPTH TESTING APPARATUS, for ascertaining by pneumatic pressure the 
depth in soundings, rivers, wells, tanks and closed or open vessels. 

The appliances consist of a smait hell — similar lo a diving bell - connected by a copper lul>e 
ti> a dial on which i.s indicated the depth, in feet and inches, the bell has reached in water or 
other liquid. 

The bell is fitted with union joint for attachment to the tube and the prices of the bell and 
dial are as follows : 



The price of suitable copper tubes is usually about 6d. per foot. 

TEST PUMPS for testing boilers, pipes, cylinders and closed vessels by hydraulic 

grcssure up to SOO-Hb per square mch, are illustrated and descrilied at pages H3 and 114 of 
ection III. of this series, but those mentioned below will be found suitable for most purposes. 
The price of a test pump mounted on a rectangular cast-iron tank, with hard gun-metal 
pumps, brass union for connecting with the delivery tube and hand lever, is ... £j los. 

A portable test pump as above described but mounted on a barrow, costs about £& 15s. 

PIPE TESTING MACHINES arranged to test pipes of any diameter or length by 
hydraulic pressure, consists of a cast-iron bed fitted with head slocks of^the height required for 
the maximum size of pipe to be tested, differential pumps which force the water through the 
fixed head-stock and automatically cease to work when the desired pressure is reached, and 
appliances for readily fixing the pipes hetween the head-slocks. 

The price of a raachme to test straight pipes up to 9-ft. long and 14-in. diameter 
is about ... .,, ... ... ... ... ... ... jJ^'SO 

A machine to test pipes of irregular sh^>e as well as straight pipes not exceeding 
9-fl. long or 24-in. diameter, costs about ... ... ... ... ... jfflSz 

OIL HEATING APPARATUS.— By a modification in the arrangement of the 
well-known "Wells light,'' an intense heat is produced ; this is used with great advantage in 
heating bosses of wheels few taking off axles or shafts, also for removing tyres, screw propellers, 
melting lead joints in water mains, and for similar service. 

REFUSE DESTRUCTORS AND POWER PLANTS. -The following notes 
axe extracted from a valuable paper on this subject, contributed to the Proceedings of the 
Institution of Civil Engineers, in which the author (Mr. C. Newton Russell) deals with the 
methods of treating garbage or town refuse under three heads, as follows : 
(m) Removing it cheaply. 

(/i) Disposing of it from a sanitary point of view.. 
(1) Utilising it for steam raising. 

The first named — usually cartage to a shoot in proximity lo the town — is cheap, but 
the heap may be a ftuilful source of disease and is stronelv to be condemned. The accumulation 
of rubbish in heaps being absolutely dangerous to healtti, burning is the only safe manner of 
disposing of it, and so fulfilling the sanitary conditions referred lo in paragraph m. 

Hoarding the question as one of public benefit, the cost of destroying the garbage ought 
not to be too closely considered, but experience gained in a large number of destructor 
installations, and especially that at Shoreditch in burning about 23,400 tons of town refuse 
indicate that— with reasonable expenditure on plant and labour— the heat evolved from the 
burning refiLse can lie used with advantage for raising .steam. 

Calorific value. — The results obtainal at Shoreditch .show that the average calorific value 
of domestic London refuse is equal lo O'gg lbs. of water per lb. of refuse burned, and it is 
estimated that the power obtainable from the whole of the refuse of Ij)nclon is equal to about 
I !3,ocx),ooo brake norse power hours per annum. 
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Steam produced.— With refuse as fuel, o 
the Shoreditch insinuation evaporated x8SS lb! 
uf Zl2°, at a sleam pressure of soo lbs. per square men. 

Utilization of steam.— The steam generated as above described supplies ihe dynamo 
engines whieb provide current for electric lighting and motive power. 

Clinker residual. — This is used — viben broken or ground — for making concrete, mortar, 
piving slabs, tar pavements, etc. 

PaTing slabs are made of 2j parts of clinker and l of Portland cement, ground very fine, 
and submitted to a pressure of i^ tons per square inch. 

The slabs are usually l} inches thick, and range in dimensions from 2 feet square to 3 leei 
by I feet. A slab supported at the ends sustained a load of 2,221 lbs. before breaking. 

Il is found that slabs made of five parts of broken clinker and one part of Portland cement, 
pressed as above descrilied, are very satisfactory and not slippery. 

Tar paving. — Broken clinker, silled to the sizes required for bottom and top dresang, is 
used with advantage for tar paving, and seems about equal, in durability, to the ordinari' 
granitic tar pavement. 

Reverting to the remarks on " calorific value " il is scarcely probable that the resolLs 
obtained at Shoreditch— where there is a large proportion of trade refuse — will be equalled in 
districts which are largely residential and non -manufacturing. In such localities the most 
wholesome mode of disposing of refuse will be simply to bum 11, and make the best one can of 
the waste products. Ine idea that a Destructor must necessarily emit unwholesome fiimes is 
altogether fallacious. 

Notes on paving slabs, etc and plant for manulacture will be found at p^e 245 and 264. 

ICE MAKING AND WATER DISTILLING.— The following is an outline 
description of plant suitable for a hot climate, where a moderate quantity of pure ice is required 
and a permanent supply of sufficiently pure water is not obtainable. 

The plant referred to is capable of producing in England one ton of ice in 24 hours, liut 
similar plant^with or without distilling apparatus — is arranged for larger quantities. 

The ice making plant consists of a belt driven compound ammonia compressor working 
in connection with an open air condensor, and ice tank which contains the refrigerator coils. 
This arrangement saves joints and possesses other advantages. 

The wrought iron ice tank contains twenty ice moulds 3-ft. by l-ft. 6-in. by 3-fl. and is 
fixed on one side of the ice store which is constructed of pilch pine and lined with sheet lead, 
the walls being 9 inches thick with sawdust between the inner and outer walls for insulation. 
The brine is circulated around the ice mould and refrigerator coils by a' propellor with suitable 
driving gear. 

Power is supplied from a vertical engine ; the exhaust steam passes through a feed water 
heater, and the boiler is of sufficient capacity to drive the engine and pump which raises the sea 
water to be distilled, also to supply steam to the distiller. 

The distillii^; apparatus supplies 15 gallons of distilled water per hour, and con^ts nf 
copper coils fixed in a tank of ample dimensions and supplied with cooling water by an 
independent steam pump, so that distilled water can be produced without running any other 
portion of the plant. The distilled water flows by gravitation into a tank and thence to the ice 

The cost of the plant including all tubing, shafting, bearings, belts, a supply of ammonia 
and oil, instntments, wrought iron chimney for boiler, etc. is about ... ... £gcX) 

I'acking fur shipment and delivery f.o.b. costs about 5 per c;nt. 

The coat — in ICngland — of a suitable building with Enpneer's oflice and space foi ihe 
necessary tools, stores, etc. may Iw assumed to be, approximately ... ... iC^SP 

Information required.— If a complete specification cannot be supplied, details should in 
' * ■- - -- - - 'mum and minimum tempetkture, plan of site for the 

arly define the conditions to be fulfilled. 

LARGE INSTALLATIONS FOR ICE MAKING AND REFRIGERATING. 

The plant does not difier materially from that la-St referred lo, excepting as to proportions and 
arrangements to minimise manufacturing cost. 
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SMALL ELECTRIC LIGHTING AND POWER 
INSTALLATIONS. 

The following leHiatks and informalion — exltacled. for the most pari, from " The Engineer" 
— set out in considerable detail the cost and comparative advantages of each system, and are 
the more valuable in that data is furnished whereby the approximate cost of current may be 
ascertained, even if the rates and quantities differ from those tabulated. 

"The question whether it will be better to fiut down a private installation, or take current 
from a supply company's or corporation's mains, is one often aslted by intending users of electric 
lij^ht, and an attempt to give some idea of the relative cost in each case, together with the 
ailvant^es and disadvantages of each system, may be of use to such persons, and perhaps of 

For simplicity and accuracy, the quantities and time of lighting are uniform throughout, 
and the cost of wiring, lamps, fittinf^, fuses and branch switches, is not taken into account 
because these items will vary in different installations, although identical whatever system 
is adopted. 

CURRENT FROM SUPPLY COMPANIES' MAINS.~The annual cost of 
current at different rates per B.T.U. respectively for 50 and too [6 candle-power 60 watt lamps 
burning 1800 hours per annum, including rent of meter (20/- and 25/-), is as follows :— 





Annl'ai, Cost 


OV CUK 


BENT FR 


OM PU 


Lie MAIN- 






Rate for cu 
Annual cos 


rent per B.T.U. pence 
lor 50 lamps 


2d. 
£9' 5 


3d. 


4d. 

£<)' 
£'Si 


S'!. 


6d. 
£'36 

£■^1^ 5 


7d. 

^316 5 



CURRENT SUPPLIED BY PRIVATE INST ALLATIONS.-The following 

information will be useful when the kind of plant most suitable for local conditions is under 
consideration, the eslimate^in each case — being for an installation to generate current, 
respectively, fur 50 and 100 16 candle-power 60 watt lamps burning 1800 hours per annum. 

The cost of plant includes that of engine and dynamo ■ 
appliances, foundations, erection and cost of switch board, but — 
connected therewith. 



1 and cost of attendcmce 



referred to later on. 
iniates allow for interest on capital at the n 
per annum for depreciation. 
>/- per ton, including cartage, and the consun 
be 5-lbs. of coal per brake horse-power per 



I everage of 



Superrisioii 

Interest and depreciation. — The e 

four per cent, per annum and len per cent 

Fuel —The cost of coal is taken at 
for the smaller steam engine is assumed ' 
and for the larger engine 44-lbs. 

The engines are estimated to be of 5 and 10 horse power, but to give out a 
only 4 and 8 brake horse-power, which leaves a sufficient margin of excess power. 

Gaa and oil engines. — The smaller gas engine is estimated to consume zz cubic feet of 
gas per brake horse-power and the larger one zo-cubic feet, the price of gas is assumed to be 
3/3 per 1000 cubic feet. This cost will be very largely reduced if gas producer plant is provided. 

The oil engines are taken lo each consume ij-lbs. of oil pec brake horse-power hour, and 
the oil is assumed to cost 6d. pet gallon. 

Engines and dynamos can tie obtained at less cost than the figures tabulated, but some 
makers chaise mote for them, so an average has been taken. 

Turbines. — The principal expense in putting down an installation driven by a turbine is 
often incurred in making suitable water ways and the pit for the turbine ; for the present 
purpose the cost of water channels, pits and foundations has been reckoned to be equal to the 
cost of the complete turbine ; in some cases this provision will be insufficient, although more 
than ample where a stream with sufficient fall is available near to the premises to be lighted. 

Oil, stores, etc. — The cost of oil, waste and stores is reckoned at about one third of one 
penny pec unit of current generated. 
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Cost of Private Installations. 



Cost of plant for 50 iamps 

Annual cost of fuel 

attendance ... 

„ ., stores, oil, etc. 

Interest on capitals (iepreciation 

Total annual cost 


Steam Engine Gas Engine 
^2.8 o%|£l8o S 


Oil Engine 
^190 


Tutbine 
^.S2 


£16 
^65 

£i'7 S 


£i5 14 9 
£'3 S 


£26 9 
£p 
£7 'o 
£'i >i 


%'\\ 


^95 9 9 


£97 11 


£4i 16 


Cost of plant for too lamps ... 

Annual cost of fuel ... 

attendance 
,. stores, oil etc,,.. 
Interest on capital & depreciation 

Total annuaUost 


£ii2 


^237 


JC310 oL^JS? 


ill 


£t6 16 
jC3I 4 


^41 80 £2b 6 


£,49 15 o\£,z8 5 


^144 u 0, ^55 6 



PRIVATE INSTALLATIONS WITH ACCUMULATORS.— The generaiing 

plant is as last described and the accumulators have a capacity sufficient, in each case, to supply 
about 50 lamps for a period of three or four hours ; they add materially 10 the cost of the 
installation, but ought to be provided, especially in private houses. 



Cost of Private 


IKSTAIIATI 


INS WlTli 


ACCU.MULA 


o« 




Motive power 

Cost of plant for 50 lamps 

Annual cost of fuel 

„ attendance 

„ stores, oil, etc. .. 

Interest and depreciation 

Total annual cost 


Steam Engine 
^330 


£^92 


Oil Engine. 

iyi 


Turbine. 

.i;3«> 


£16 

i43 14 


Cn '4 
i'38 14 


9 


i^b 9 
iV 5 

A39 "3 


° 


11 I 


£14' 


^"4 3 


9 


iTi.s 17 


° 


£<., 


Cost of plant for 100 lamps 

Annual cost of fuel 

„ attendance 

„ stores, oil, etc. ... 

Interest and depreciation 


^450 ■ £3SS 


iili 




£it' 


£n 16 1 /41 5 
/60 10 £a,7 4 


\ 


£51 '8 

^41 S 

il' " 




l:;H 


^174 16 /147 IS 


. 


i'H 4 




£7i 



Condusioiis. — Several interesting conclusions are drawn from ihese tables ; ihey show, 
for instance, that a private installation without an accumulator, driven by a turbine supplies the 
current at less cost than if it is taken from a supply company, even at the low rate of 2 pence 
per Board of Trade Unit. Also thai for such small installations a steam engine is more eipensivc 
than gas or oil engines, or turbines, the annual cost with gas or oil engines being nearly equal 
for the smaller installation, but considerably in favour of the gas engine for latver installations, 
on account of the greater ratio at which the [Prices of oil engines Increase with their size- 
Comparative cost of current. — Another important point brought out in these tables is, 
that whereas the ccjst of lighting too lamps is twice as much as the cost of lighting 50, with 
current taken from a supply company's mains, with a pri™te installation the cost of lighting 
100 lamps is never 50 per cent, greater than the cost of lighting 50, and in the case of turbines 
is only alxiut 20 per cent, greater. 
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insinuation, with accumulators for jo lifihls, cosis 
supplj- companj''s main at 5d. per Board of Trade 
lights the cost is considerably less than is paid fc 



It will also be seen that a | 
about as much per annum as cu 
Unit, but with a similar installal: 

public supply at 4d. per unit. In any case private installations arc cheaper than public current 
at yd. per Board of Trade Unit, especially if producer gas is used. 

Relative advantages. — The disadvantages of a steam engine and boiler are such 
prohibit their use in the majority of cases ; they occupy more space and reqi 
ihan the other prime movers, and the coal causes dtit and smoke- 
Gas or oil engines, on the other hand, can he fixed in a cellar or outbuilding, the fuel is 
brought 10 them free from dirt or trouble, Ihey can be started in a few minutes, they will run for 
hours without attention, and there is little danger of explosion. These advantages are greatly 
in favour of engines of this type and conduce to make them preferable to other motors of small 
power, excepting; the turbine ; but as turbines can rarely iwused in towns, the gas engine remains 
supreme in cniwded places or where gas can he obtained at a reasonable price. Where it is 
high— or not obtainable — an oil engine is an excellent subslitute, provision being made for 
carrying away the fumes inseparable from ibe use of mineral oils. 

Supervision. ^M any people luv£ exaggerated ideas with regard lo the trouble involved in 
erecting and running a private installatinn. TTicy imagine that dirt, smell, noise and danger are 
inseparable from such installation.' As a matter of fact, if the plant is judiciously chosen and 
properly lixed, il should cause no nuisance whatever, and will be much more economical than 
taking current from public supply mains. 

Cost of attendance.— It has been assumed thai an intelligent labourer, at 2|/- per week, 

;am plant ; a voulh at i q/- per Vfeek ■— " '■ 

.tallatioi 



It for wages is the : 



I'art attendance only has been allowed for Ibe turbine plant, a 
required for an installation of 50 lights as for one of 100 lights, iheai 
an extra shilling or iwo being added to cover the cost of attending 10 ihc accumulators. 

ARC AND INCANDESCENT LAMPS.— The arc lamps now referred 10 burn 
steadily, two in series, off a 100 volt current, with only a small resistance inserted, and the 
carbons are easily renewed. 

The larger siies are suitable for lighting large areas, in or outdoor, (be smaller size being 
useful where less powerful illumination and a light lamp occupying little height is required. 



Prices 


OF Akc Lamps. 








Current 


amperes 


S 


7 


10 


Lighting capacity 




ij 




16 


Length of carbon 




6 






Total height of lamp 






35 


^5 


Price of lamp and globe 




£5 10 


£b ,0 










17/6 


Approximate total weight 




14 


35 


35 



it of packing for shipment and delivery f.o.b. will probably be about 5 per ci 
Average Life of Lamps in Hours. 





Ijfc on 


.p-r^n. 




rtlll 


4 ptr «ii. 


5 ptr ni,. 


6,,.c.„. 






™m'f' 


•oils up. 




™"""' 


vollsup. 


volu pp. 


volH gy. 




4*5 


Z.200 


I, goo 


1.700 


1.450 


1,300 


r,ico 


950 


820 




1.550 


l,4TO 


1,150 


9SO 


850 


750 




600 






850 




660 






470 










470 


440 






J90 




as 


300 




25° 








150 


130 




150 


130 




no 


95 
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PRICES OF INCANDESCENT LAMPS.— The prices of these vary accordinR 
to the candle power, voltage limits, and size and shape of bulb, from i/6 to 3/- each, taking the 
range from 8 to 50 candle power ; for 100 candle power, 7/- each. These particulars should 
always be given when seeking quotations. It is always more uconomieal in the long run, and 
when the current consumed is taken into account, to parchase the best quality of lamp, in 
preference to so-called cheap lamps. As regards the life of lamps, the forgoing table 
gives an idea of what may legitimately be expected with a first-class lamp, aoan from 
abnormal t " 



TELEGRAPHS AND TELEPHONES. 

MATERIALS FOR TELEGRAPH & TELEPHONE INSTALLATIONS. 

The following data relates to installations suitable for works in course of 

Five miles of line, with metallic return and a telegraph or telephon 
end, has been adopted as a convenient unit, but the approximate outlay required for addition- 
to the length of line, or to the numher of instruments, will be found by reference to the 
accompanying schedule of prices. 

Poles and labour. — The cost of these items is given separately because (being based on 
current rates of cost in London) they may not at all accurately represent local costs elsewhere ; 
they may, however, serve for purposes of approximate estimate. 
The materials comprise : 

Five miles of No. 14 hard drawn copper wire line with metallic return. 

Fittings for carrying line, consbting of arms, bolls, insuUlors, shackles, suys, 

leading -in- wires, and sundries. 
Instruments (telegraph or telephone) at each end. 
The price of these materials and instruments is about ... ... ... £iS° 

Earth return.— If this is used instead of the double line metallic tetuin, the cost is 
reduced by about ... ... ... ... ... ... ... ^50 

Electrician's toals.^A small equipment for use in laying and maintaining the line 

Creosoted poles for five miles of line, cost about ... ... ... £130 

The cost of labour and superintendence for erecting such an installation (in London) 
is about ... ... ... ... ,. ... ,.. ... ^^150 

PRICES OF INSTRUMENTS AND MATERIALS FOR LINE WIRES. 
Single needle reading instruments, each about ... ... ... j£j 

Relay tapper bells ... ... ... ... ... ... ... £^ 

Magneto telephone instruments, railway pattern ... ... ... ^4 

Telephone with relay and bell, Great Western Railway pattern ... £^lio 

Six-cell Leclanche battery ... ... ... ... ... ... i^/. 

Twelve-cell Leclanche battery ... ... ... ... ... 30,- 

Creosoted telegraph poles, iS feet, each ... ... ... ... 15 . 

„ 30 feet „ ... ... ... ... 30.- 

Roof, arm, arm-bolts and washers, insulator, shackle vrith strap and bolu for each pole, 4'6 
Stay rods 3/'- each. Creosoted stay blocks 2/6 each. 

Hard-drawn copper wire. No. 14 B.W.G. for line wire costs per mile about ... £j 
Accessories. — A small provision should be made for iron wire stays for poles, nails and 

sundries, but probably l/- to 2/- per pole will suffice. 

TUBULAR STEEL POLES for supporting telegraph wires, electric light and 
power cables, boundary demaicalion lamp, etc. are made m all lengths and sections, the 
under-named being standard dimensions. 
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o give the requisite stability. 



The kise lube is or cast iron and fitted with a cast 
but removable for transporl. 

The pule fits on the top of the base pole and is made of galvanised steel rivetled up in 
leiif;ths of S feet ; these taper upwards and are connected \>y joint rings easily fixed by unskillAt 
labour, no Ijolt or rivets being required. 

The cast iron base tubes are also used, with great advantage, for carrving timber poles. 

The prices and weights are approximately as follows, and the cost of delivery f.o.b. 
depends on the kind of packing required and the port of shipment, but this will probably not 
exceed 3 or 4 per cent. 



Height of pole feet 154 23 30J | 37^ 

Price ... each ^1196 ^2139 ^463 '^^ '3 2 

Approx. weigh! ibs. no 287 463 710 



46i Sli 58! 

^906 ^ifii 90 ^137 9 
962 I2I0 I4S0 



INSULATOR FITTINGS —The insulators are usually supported by malleable 
it iron lirackets which are attached to the pole by clip bolts, buL they vary loo much in lenglii, 
■liiin and other details to admit of them being tabulated. 



TRAMWAYS. 

The prominent advantages of mechanical over horse traction are ; The alisence of refuse lu 
Iw removed, the larger carrying capacity for a given length of car (including that occupied by 
the horsesi, the much greater facility for mounting gradients and for stopping and starling, and 

The relative tiierits of the different systems of traction in common use are referred (o in a 
paper by Mr. Parker which was read before the Institution of Civil Engineers and which 
coiMains the following valuable information relating to average results obtained. 

The electric system referred to, was supplied with current from overhead conductors 
which, so far, seems to be the most economical mode of transmitting power and the easiest 



System of traction ... 

Expenses, pence per car mile ... 
Weight of car empty tons 


Horse 

778 
275 


Steam 


Cable 
47 


Electric 

30 
3'iS7 
4-3 



Cost of traction tramway (England).~The following figures 
yive the average approximate cost of traction by the respective s; 
charges and repairp;. 

Horse traction, in a hilty city 

Steam traction, ditto 

Electric traction, ditto 

Cable tractioii, on fairly level roads ... 

Compressed air car traction, undulating ground 

Ditto, locomotive traction, ditto 

Gas motor traction, on fairly level roails 

This cost is l>ased on a consumption of 34 cubic feel 
carrying 52 passengers. 

The details of cost aic ; Gas, o-95d. per car mil 
waste, O'lod. ; drivers, I'lSd. ; cleaning, o'lod. ; compn 
and repairs, 0*89d. iotal 3'47d. [kx car mile. 

Oil engine traction costs about the same as gas m 
gas is 2/9 per lOOo cubic feet. 



4-83d- 

7-39d- 

8-28d. 

3-47d- 

of gas per ( 
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DETAILS OF COST OF ELECTRIC TRACTION— The undernamed figur, 
ire stated by Ptofessot Kennedy to represent approximately the average of each item of co>l. 
Driveis, Conductors and Inspectors ... ... ... 42 percent- 

Power ... ... ... ... ,,. ,,. 18 percent. 

Maintenance of line ... ... ... ... ... 12 percent. 

Equipment ... ... ... ... ... iz percent. 

General chafes ... ... ... ... ... 16 percent. 

He also stales that in some cases the cost of generation has been reduced to 10 per ecu 
and— evidently — the importance of ensuring the highest possible efficiency in the power-hoii' 
cannot be too strongly titled. 

COST OF TRAMWAY TRACTION IN NEW YORK — Tlie sul.joint 
figures abstracted from " The Street Railway Journal " give the cost of haulage in New Ynr 
in the year ending 30th June, 1899, respectively (or cable, electric, and horse traction. 









Working Expknsbs. 










items 




Mdn.^nan« 


Mdm.™h« 


C«. of 


O-her 


G^ncml 


Cable tract 


on, pen 


epercarniile 


;^;s 


.e,u^„... 




4-2id. 


■67d. * 


Electric 






■34d. 


■S8d. 




3-S3tl- 


-63d- 


Horse 






•49d. 




3'34<1. 


4-|2d. 





" Other expenses" include wages, car- house expenses, lighting, oil, waste, etc. 
Genend ezpotses include salaries of officers, clerks, compensation and damages. 



Details of items , 




Receipts. 


Expenses. 


Profit. 


Cable traction . 








87id. 


Electric „ 








9-64d. 


Horse „ 




irSjd. 


8-97d. 


3-88d, 



Receipts — If the above figures are compared with gross returns obtained elsewhere, it 
should be remembered that fares are much higher in New Yorlt than they are in most European 

LOSS OF ELECTRIC POWER IN STOPPING TRAM CARS.— The 

consumption of power in stopping electric tramears, travelling at different speeds and with slops 
of 8 to 10 seconds, is statecl by Mr. A. H. Binyon to be as follows, the weight of car being 
12 tons, and the power consumed expressed in Board of Trade Units. 
Losses of Power in Stopping. 



Speed per hour ... miles 
Number of stops per mile 
Power lost ... B.T.U. 


6 
6 to 14 
.7 tot '08 


7 

6tot3 

-6s to 1.43 


8 
5 to 11 
75 to 1 75 


9 
4 to 9 
73 'o 2 


Speed per hour., , ... ... miles 

Number of stops per mile 

Powerlost B.T.U. 


.sb^ 


4 to 8 
78 to 2-04 


4108 
73 W a -04 



EFFICIENCY OF ELECTRIC TRAMWAY PLANT.— The following figures, 
relating to efRciency under a constant load, are extracted from a record of 24 hours test of a 
plant recently put down for the Washington (U.S.) tramways [ equal efficiency will, however, 
be quite unattainable under widely varying loads : 

Cost of coal ... ... 8:9 shillings per ton 

Cost of power per one H.P. ... O'lod. per hour 

Cost of power, electrical H.P. ... 0.103d. ,, 

Cost of electrical H.P. per year of 3000 hours £1 5s. 
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COST OF DIFFERENT SYSTEMS OF ELECTRIC TRAMWAYS.— 

In addressing ihe Munioipal Electrical Associalion, Mi. Ryder (President) points out thai the 
cost of constniMion for the three distinctive types of electric traction vary lai^ely according to 
local conditions, but that the cost per mile of sii^le track, including rails and paving in each 
case, are generally somewhat as follows : 

Overhead construction ... ... ^£5000 per mile 

Surface contact constructioii ... ^10500 ., 

Conduit Construction ... ... ^£13500 ,, 

e few and far between which justify the extra outlay for 



COST OF GENERATING AND DISTRIBUTING ELECTRIC 
CURRENT. — This nalurally varies according to the extent and chataclet of plant, efficiency 
of management, price of fuel, number of units sold relatively with capital outlay, slalT chaises, 
etc. hut an analysis of accounts of six comparatively Small and widely separaled public 
installations, including maintenance of mains, machinery, buildings and accessories, was 2'4ld. 
per unit. 

lationa ranges from about £30,000 to £<jT,'xa the 

TRAMCAR CRANES.— In order lo avoid (he expense of a long pit in new stations, 
or interference with traffic in existing stalions, a pair of electric or hand power cranes raise the 
cat TO a height which affords all facilities for examination or repair. 

Construction. — These cranes (one al each end of the car| are mounted on an andercarriage 
which travels on a crane track parallel with the tram line. 

The jibs are curved at the upper end and reach to the car, so thai the lifting chain being 
attached to a suitable sling, the whole car, or the body only, is raised sufficiently for men to 
work beneath it. 

A pair of cranes recently built have travelling m 
repairs, or other purpose, and this and the lifting mouon can o 
hand power. 

TRAMCAR SHED TRAVERSERS see page 51. 



NOTES ON TRAMWAYS & ROAD PAVING. 

The following notes on these important subjects, extracted from a thoughtful article in 
" The Engineer" are intended briefly to indicate the economical and general results obtained 
under different systems, and are the more valuable from the fact that they are records of practical 
experience. 

TRAMWAY RAILS, if of the Vignoles section, usually range from about 60-lbs. to 75-lbs. 
per yard, and their life is variously estimated at 6 or 7 to x$ or 30years, The former is no doubt 
a low average, but when allowance has been made for the injury caused by frequent repairs to 
roads carrying iram-lines and the great wear and tear at joints and on curves, the writer finds 
that seven years is not very much loo conservative an estimate. 

Bogie trucks and fixed wheel base. — The superiority of cars mounted on bogie trucks 
over those with fixed wheel base has been amply demonstrated unless the road for the latter is 
practically straight. 

Examples of this are found on lines with electric traction and lo-ton cars with fixed wheel 
liase traversing sharp curves and steep gradients. Lines with heavy traffic worked under these 
conditions have had to be renewed in two or three years. Notes on the junction of rails with 
pavii^ will be found further on. 

ROAD PAVING.— I'avements for cities and towns may be generally classified as those 
formed of wood, granite or other blocks, and those with continuous surface, such as aspballe 
and macadam. 
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.wnlial features of good pavement are ; 
It must l>e durable, and economical both in first cost and sulisequent repairs. 
Il must be hygienic and — in (his respect — free from mud and din, easily cleansed 



■tc fnundalinn six 1o eight inches thick, is fairly 

Cost of laying and repairs. — The cost of laying is 8/- to lo/- per superficial square rard, 
and repairs cost jd, to lod. per square yard per annum, so that it may be regarded as fairly 
economical . 

Conditions 2 and 3. — It is the most perfect paving as regards noiselessness, there is very 
little dust and it is unrivalled in safely to animals, in wet or dry weather, and economical in 

The principal drawbacks tu it arc, its tendency to absorb malodoious matter, and the lai^c 
quantity of water required to thoroughly cleanse it. 

Granite aett paritw.— The setts {usually 9-in. by -j-in. and 6 to 8-in. deep) laid on a 
concrete foundation 6 to 8-in. thick, costs about 16/- to 18/- per sqiare j-ard. 

With once relaying, it lasts 20 to 30 years and the cost of repairs is only about 2d. per 
square yard per annum. It is, therefore, much the most economical form of paving, and, being 
non.absorbcnt — is easily cleansed. It also affords a good foothold for horse traction, but il i« 
less &ivourable than wood for a fallen horse and is very noisy. 

For this reason the more silent, but less durable, kinds of paving are frequently prcferalile. 

Gritstone paving;, laid in the same manner as granite, is principally used in districts where 
the material abounds. It is much cheaper than granite but there areseriousdrawbacks to its use. 
These are that it wears very quickly and unequally under heavy traffic, which causes great 
expense in maintenance and loss in tractive power. Furthermore it is noisy and much more 
dusty than either granite or wood paving. 

Scoria briquettes. — Blast furnace slag is run into moulds about 9-in. by 3-in. and Ihc ro^i'l 
bed for these sets is similar to that used for granite sets. 

It is cheap in first-cost but expensive in maintenance, and wears more unevenly than grit- 
stone under anything like heavy traffic ; the dust from it is very objectionable. 

are clean and are used in some countries for ruad 



1 2 per cent, of bitumen and forms an excellent but rather expensive road pavii 

The cost of asphalte pavinr, with concrete foundation 6.in. deep covt 
J. in, thick is 13/. to 14/- per superficial square yard. The repairs cost lod. 1 



inlerferenc 

It is iniperrioiLs to moisture, and the surface being smooth and level, it is easily cleansed. 
The tractive effort for draft of vehicles is slightly lower than on wood paving and the principal 
objections to it are the heavy first cost and the extremely slippery surface, wet or dry. 

Paying in conjunction wttb tram lines.— Some trouble is caused by the rapid wear <'i 
the portion of paving which adjoins the tram rails, and by spreading caused by expansion. 

These inconveniences are more noticeable in wood than in stone sett paving, which nf 
ci>urse does not expand, but they can be remedied by using a certain per cenlage of iron blocks 
ill the Jiavement abutting against the rails. 

Asphalte presents the greatest difficulties on account of its tendency 10 flow, and lo it* 
constant muvcment, peculiarities which it is by no nitaiis easy to o 
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NOTES ON POWER TRANSMISSION 

BY ELECTRICITY. 

The following are Che conclusions arrived al 
Kaitway Master Mechanics AssoLiation, to exami 

1. Re1ali\e economy in cost of power itself 

2. Kelittivc convenience of operation and instaJlation 

3. Relative efTett on shop output and cost of labour, under the best practice in 
dnung machine tools 

Relative economy.— The a\erage efhciency from engine to tools, for belt transmission is 
about 50 °/o 

For electric transmisaion, lone lines of shafting being broken up, the efficienc}' ftom 
engine to tools is stated to be abonl m % 

Electric is, therefore, more economical than shaft transmission, but if a large condensing 
engine displaces small non-condensing ones and the load is unifoim, the fuel saving will be 
approximately 33 J % 

Attendance and repairs.— Careful examination leads to the conclusion that these items 
do not differ materially under either system of driving, but the former offers facilities for 
improvements in labour-saving devices, the value of which can scarcely be estimated. 

Interest and de^edation may (itgether) be taken at lo per cent, on the first costs of 
either mode of transmission or — approximately — one-fourlh of the total expenses of the power 

. Relative convenience and ou^ut^The absence of restriction as to positions of machines 
driven by electric motor, ibe clear head room for overhead cranes lo serie the tools, and the 
saving in power effected by stopping the motor when the machines are not working, all conduce 
10 economy in cost of production and in space occupied, as well as to augmented output. 

These features, and the flexibility of the electric system which admits of the use of portable 
lools, of fixing tools where they will work with maxinmm economy, or of extending shops in 
any direction, are worthy of carefiil con^deralion. 



when the total motive power to be provided is under consideration. 

In this connection, it may be well to mention that the variations in load nnd from line 

Generators ... 86 to 90 per cent. 

Transmissmn bnt'. ... 90 ,, 95 

Motors ... 73 „ 90 

Tttal final efficiency ... 6z ., 77 „ 

Systems of djmamos and motors — The alternating current system is recommended for 
transmitting power one mile or more and the direct current system for shorter distances. 

The former is preferable, mechanically, on account of the strength and simplicity of con- 
struction, and the absence of rubbing contacts ; but it is essentially a high speed, and constant 
speed machine, and these features ate much less favourable for driving many machines, cranes, etc. 
than the direct current system which will start under load, run at variable speeds, or stop 

These facilities ate not afforded by the induction (or alternating current) system, and when 
they are required, as they are, for boiler plate rolls, cranes, hoists, capstans, traversers and many 
other mechanical appliances, series wound motors are preferable. 

Voltare. — The 250 volt direct current motor is, practically, the standard for shop use, 
and incancfocent lamps can be obtained fur 210 volts circuit, or the more common llo voll 
lamp may be used by connecting two of them in series. 

A 250 volt dynamo, therefore, is recommended, because, allowing for ordinary losses in 
lines, this corresponds to motor pressure of Z20 volts. 
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r 440, and for reasons similar to ihc 

— A belt driven dynamo has [he advanlage in first cost, due 
lore output for the same outlay, and Ihe further fact, often of 
great importance, that it can be driven by an existing engine or any kind of motor. 

Up to 75 to IQO hoise-powei, a belt driven dynamo usually answers every purpose, but 
beyond that power, direct connected machines will be found more economical. 

Uniformily. — Much importance is attached to uniformity in uniu of size, 500 horse power 
direct connected dynamos bemg advocated as a convenient unit for lai^e plants. 

Uniformity, as far as possible, in units of size of motors, is equally deniable, and to attain 
this, some theoretical losses due to motors being latter than actually necessary, may be tolerated. 

>vided, It is pointed out that 
e 50 pet cent, of that of the combined 
motor capacity ; also that the effect on the dynamo of running a crane, traverser or turntable 
need not be considered, because the momentary over-load capacity of the machine will be ample 
to provide for such requirements. 

Motor speeds. — Seeing that the lower the speed of the dynamo or motor, the greater i,-. 
its durability, first cost is of far less importance than the economical results obtained by the 
installation of machines of ample proportions and obtained from reliable c< 

Guaranteed power. — Motors should be guaranteed to develop their r 
continuously, and carry an over- load of 15 to jo per cent, for (wo hours, without rise 1 
than 40 degrees Cent, above the temperature of the surrounding air. 

Prices and speeds of motors.— The following table gives the speed, direct 1 
multipolar motors, which fullil the above-named conditions. 

Spkehs and Prices of Motors. 



Rated output, H.P. 

Speed, revs, per min. 

Price of motor about 

„ per H.P. about 


1^ 

in s 


3i 


5 

I48 




ii 


A 


600 
£6 


30 

575 
£170 
^^5 '2 


40 


50 
£4 17 



Plus cost of packing and delivery. 

Medium speed motors, of equal quality, e 
and 35 per cent, less for Ihe larger sizes, the sami 
about so per cent- higher. 

Distribution of power. — When less than three horse-power is required for each machine. 
it is considered best to drive them in groups, from shoit-hne shafts requiring not more than 
*5 afiS'''^*'* horse- power. 

Machines requiring three horse-power, or more, or where variable speed or inlermitleni 
running Is desirable, each tool should have its own motor. 



In the group system, transmission by belt reduces shock and prolongs the life of the motor, 
and is considered to be better for general use than driving by gear, 01 by coupling the mot-ii 
spindle direct to the lay shaft. 

Condnaons. — These cannot be better or more tersely expressed than Ihey are in the word; 
of the Committee's report : 

" I- In a small shop consisting of, practically, one building, having an equipmeni of 
small tools for light work only, electric transmission will not be found to be a 
paying investment. 

In such shops, however, an electric lighting dynamo will be a convenience, and may 
be utilised to run a few labour-saving electric tools. Such as drills, a cylinder boring 
machine outfit, a turn-table motor, etc. 
2. In an extensive shop plsnt, the installation of a central power station andcleeiiio 
Iianamission will always be found advisable, as it will not only result in the musi 
economical system in respect to operation, hut will make possible far more impottani 

■ ^^ namely, an increase in the quantity and quality of output, and a reductimi 

SI of handling the same." Examples of these results are given further on. 
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DESCRIPTIONS OF SYSTEMS OF ELECTRIC TRANSMISSION.— 

The followii^ abstract from the Master Mechanics' report, will lie interesting to those who are 
not already familiar with the subject. The systems in general use are : 

The direct or continuoiis cnirent. which means a flow of current, in one direction, 

along a wiie ; and 
The alternating current, or a reciprocating flow anali^ous to the to and fro move- 
ment of an engine piston. 
The first-named, being a relatively low pressure system, requires larger and more expensive 
copper conductors to convey the current, than the alletnating current system which transmits 
high pressures, and, consequently,- small volume over a small line-wire, and is, therefore, 
pre(eifible for lot^ distance transmission. 

MAIN ELEMENTS IN ELECTRIC TRANSMISSION.— These are : 

1. The generator or dynamo which produces electric energy from mechanical. 

2. The transmission wire for carrying current ; and 

3. Motors for converting electrical into mechanical energy at points where it is to be used. 

ELECTRICAL UNITS.— The si 

output in " Watts," an expression which ni 
of amperes of the current. 

As, however, a watt is an inconveniently small u 
multiple called a " Kilowatt " (K.W.) which means H 

DYNAMO OR GENERATOR.— This consists of a stationary part with bearings, 
and a revolving part, the shaft of which is connected with the source of power. 

One of these parts constitutes the "field," and is provided with magnet poles, while the 
other constitutes the " armature" in which the currents are induced by rotative movement of its 
wires in the strong magnetic field. 

The direct current eenerator is provided with a "commutator" andbrushesfor rectilyinc 
the alternating current produced in the armature. This type is sub-divided into "constant 
speed " and "variable speed." The former is known as the " shunt motor " and the latter may 
be either " compound wound " or "series wound." 

The series wound motor, the speed of which varies in direct proportion with the load 
and current, is best adapted for cranes, capstans, electric traction, and all service where a 
powerful "torque," or turning motion, is required in starting, stopping and reversing.) 

All direct current motors requi 
current and prevent excessive heating of the mc 
pressure of current. 

The alternating E^^rator needs no o 
continuous collector rings, but its magnets an 
small separate machine called an "exciter." 

"Ahemating current generators are furthers 
terms which refer to the kind of alternating current produced. This can t 
the following mechanical anal<^y : 

An engine shaft may have a single crank, or two or more cranks set al 
120 degrees, the turning motion at each crank rising, falling and reversing ir 

In the same way, alternating currents may act in a simple wave, or in several waves acting 
successively. The advantages of multiphase currents lie in the peculiar properties of the motors 
whirfi are possible with this system." 

Switchboaj^. — Generators are provided with a " Switchboard," usually a marble or slate 
panel, fitted with safety devices, measuring instruments, and switches for electrically connecting 
It with the various lines of wire leading to the points at which the current is to be utilized- 

The line consists of wires, of the requisite size or current 
insulating compound, and carefully laid to ensure safety from fir 

' ' The size of the wires is governed by two considerations : 
(a) The safe heating limit with the amount of current 
{i) The loss of power entailed by heating. 
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Line loaaea.— The loss in heat (and pressure) between the generator and the molor, niai- 
■mounl to IQ per cent, and this should be allowed for in determining the size of the conductors. 
Ihe heatir^ limits of which can be ascertained from various tables. 

laying out a distributing system are the same for eiihi;r 
nl, but the fonner — requiring only two wires for outgoing ami 



ECONOMICAL RESULTS OF ELECTRIC TRANSMISSION.- Reniarkitl>lc 

and almost unexpected economies have been obtained by the intelligent application of this moiie 
,.f . ;.„; — .„ I — > . — ,1,^ Many examples of this might be given, but perhaps iHl- 

aooO horse-power plant — Works employing boilMS of 2000 horse-power, and tliitlv 
high class compound engines transmitting power to line shafts for driving the machines, found 
that the superior economy of electric trnnsmis^on would provide the larger power required f»r 
IS then found necessary, without increase in the existing boiler plant. 



Larse locomotive shops. — Another example ts afforded by the data collected in 1: 
locomotive works, where 250 volt direct current dynamos are used. The saving inpowereffe 
by the installation of electric transmission amounts to 50 per cent. 

In addition to this, the introduction of electrically worked overhead and other cranes 
effected an enormous saving in unskilled labour, two overhead travelling cranes alone ha 
dispensed with the services of So labourers. 

Further savings in money and time are effected by reducing the number of iinski 
labourers — in one department — from 40 to 5, and the lime for removing finished work at 
machine and placing the new piece is reduced from 30 to 5 minutes. 



The cost of electric power at these works, including fuel, engineers and firei 
joiir and materials for repairs of power-house, line and motors, and interest and deprecii 
the cost of plant, is about 1 '2d. per cent on the amount of wages paid. 



nany other works, but 
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HORSE POWER REQUIRED TO DRIVi: 
MACHINERY. 

GROUP SYSTEM.— When using ihe figures in the fijllowing table, it will be well to 
bear in mind that where power for driving a number of small machines, c»n conveniently be 

transmitted from one motor ; very much less total power need be provided than would \ie 
required if each machine were driven from its own motor. 

The machines cannot all be working at full capacity simultaneously (excepting for a very 
short lime during which a sensible overload is of no importance), so that 10 machines, eai;h 

. requiring I H.P. could probably be driven by a motor of 5 H.!-. without much overload, whereas if 
one I H.P. motor is set to drive two machines, it must sometimes have loo-per cent, overload. 

Belt or sear drivu^;.— Direct drive by gear is usually much less satisfectory than 
driving by l>elt, and short belts, after one or two adjustments, seem to run almost indefinitely. 

MACHINE. H.P. 

Screw-cutting lathe, small, I3i-in. swing (back geared) ... ... 0-41 

'2-m ... ... 0-33 

,, i;*-!". , ... ... 0-S67 

!! ", '', !! 26-in! ',', ','. '.] 0-462 

Facing and turning lathe, la^e, 80-in. face plate, will swing lO^-in,, 

treble geared ... ... ... ... ... 0-53 

Facii^ lalhe, large. 68-in. swing (treble geared ) ... ... .,, o'gi 

Shaper, small (stroke 4-in., work traverse ii-in,) ... ... ... o't6 

„ (g^-in. stroke by 22-in. traverse) ... ... ... 0'I4 

„ ds-in- stroke) ... ... ... ,,, o'63 

,, Istge (29-in. stroke by gi-in. traverse) ... ,., ... 1.14 

Planer, crank (23-in. by 27-in. by zSJ-in. stroke) ... 0*24 

Planer (36-in. by 36-in, by ll-fi,) ... 0-84 

Iarge(76-in. by 76-in. by 57-ft.)... ... ... ... 1-47 

Drill press, small ,., ... ... ... . . 0-62 

Slot drilling machine, upright (for 24-in. diameter slots) ... 0-41 

Drill press, medium ... ... ... ... ... i-24 

„ „ la^e ... ... ... r33 

Hadial drill {6.ft. swing) ... ,„ 0-53 

„ ,, (8i-ft. swing) ... ... ... ... 0-67 

Radial drill press ... ... ... ... 1-08 

Slotler (8-in. stroke) ... o-23 

,. 9l-in. „ ... .„ 0'44 

.„ iS-in- ,. ... ... ... 0-95 

Milling machine, Universal, without overhanging arm ... 0-28 

„ (i3-in. cutler head, twelve cutters) ... .,, o-66 

,, ,, small head traversing (cutter head 11 -in. diameter, 16 cutters) O'lS 

Gear cutter (will cut 2Ci-in. diameter) ... ,., ... ... o-2S 

Boring machine, horizontal, for iron (22j-in. swing) ... 0'93 

Shearing machine, hydraulic ... ... ... ... ... [.52 

Plate shears, large {knives 28-in. long, 3-in. stroke) ... ... 712 

Punch press, large (overreach 28-in., 3-in. stroke, li-in. stock can be punched) 4.41 

Punch and shear combined, small {knives 74-in. long, ij-in. stroke) ... 079 

Saw, circQlar, for hot iron (30j-in. diameter of saw) ... ... 4-12 

Rolls, plate bending (diameter of rolls 13-in., length gj-fl.) ... ... 270 

Wood planer, I3i-in. (rotary knives, two horizontal and two vertical knives) 424 

.. »4-in .-. ... .- ... 463 

„ 174-in- .. „ ... ... -. 3-03 



,, band, for wood (34-in. land wheel) 
Mortising and boring machine, for wood 
Boring and mortising machine, for wood, horizontal (drill 4 
mortise 8i-in. by tij-in. long) ... 
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MACHINE. 



Tenon and mortising machine 



Edge moulder and shapei, vertical spindle 

Moulding machine for wood (7i-in. bySJ-in., horizontal spindle) 

firindstone, for tools, 31 -in. diameter by 6-in. face (velocity 680-ft. per minute) 

Grindstone, for slock, 4Z-in. diameter by 12-in. face (velocity 1 6So-fl. per minute) 

Grindstone 

Emery wheel, I ij-in. diameter by i-in. (saw grinder) 

Punch, doable, running lighl... 

Punching both ends i-in. hole, |-in. plale, zS punches per minute each end... 

Punch and shear, runnii^ light 

I'unching hole as above and shearing J-in. plate, 5i-in. cut, 2S strokes per 

Plate bending rolls, running light 

Rolling plale ^-in. thick, 4-fl. 4-in. wide, and i6-Cl. 6-in. long, endways on 

(4-fl-4-in) ..- 
Rolling, sideways on (l6-ft. 6-in.) 

Rolling plate li-in. hy 4-ft. 8J-in. by 21-ft. long, sideways on .. 
Same rolls lifting and lowering top roll ; 

Lowerii^ 

Forcing tJ-in. plate down 
Fotge fan for 24 fires 
Angle squeezer, running light 
Squee^ng 
Wood working machinery : 

Small plane . . 

Tenoning machine 

Band saw ... 

Small circular saw, cutting 6-in. pitch pine, hand fed 

Circular saw, 48-in., sawing i8-in. teak, 6-ft. 6-in. per minute 

Sawing 44-ft. teak, 25-ft. per minute 

Counter-sinking machine. Actual power taken in counter -sinking ... 

Rivetting machine, running light ... 

Rivettii^ 

Wall planer, taking g-in. cut, cast iron 
Radial drill, lA-in. hole, cast iron 
Plate planing machine, running light ... 
,, ,, „ reversing light ... 

,, „ ., cutting l-in. by 14-fi. plate 

Stern frame, boring, catting ... 
Shafting, lathe l8-in. centre, running light 

,. ,, One tool cutting )l-in. square cut .. 

„ ,, Two „ „ „ 

lathe, 9-in. centre, A-in. cut 
Angle-cutting machine, running light ... 
Cutting angle 6-in. by Sj-in. by J-in. ... 
Winch, lifting 28-cwl. single purchase, 50-ft. per minute 
Knding machine, running light 
Cutting girder, 18-in. by 7.in. 
Cold saw, running light 

„ Cutting 4-m. by 4-in. ancle ... 
Air compressor, lo-in. by 14-in. cylinder, 50-lbs. pressure 
Portable drill, drilling i-in. holes 
Hydraulic pumps, three pumps jj-in. diameter, 4f 'in. stroke, 60 strokes per 

minute, pressure 870 lbs. 
Joiner's shop motor, normal load 

Machines being driven from this motor t One lO-ai. plane, one 24-in. 

circular saw, one 30-in. planing and sand-papeiing machine. 
Electrical winch, running light 

„ „ lifting 24-cwt. l6-ft. per minute... 



... 5-6 

(MaHanka/ tFirr/d Pocktl Bed!.) 
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NOTES ON SHAFTING AND MACHINERY. 

TRANSMISSION OF POWER.— The following memoranda and tables relating W 
ihis subjecl, are laken from the " Practical Engineer Pocket Book " and are, for the most part, 
compiled from Miisgrovc'j formulae and tables which are based on actual experience. 



STEEL DRIVING SHAFT.— The table, 
shafts will transmit at speeds varying from u> to 5 
application of the decimal point may be made to ai 



) page 152 gives the powers that sleel line 
D revohilions per minute, and by simple 
iwer for speeds ranging from 5 to JOOO 



The powers given are well within the safe limits of line shafting, and will canse a torsion 
of less than one degree per foot ran. If the shafts are used as prime movers, they should rot 
lie required to transmit more than 70 per cent, of the power given in the table. 

WROUGHT-IRON LINE SHAFTS— These may be taken as capable of trans- 
mitting 70 per cent, of the power of a steel shaft of the same sixe. In all cases the shaft 
shoumhe well supported with bearings at suitable jntenals. The following table will serve as 
■ ' ■ ' ■ -. .- , |j£- j[^^ bearings apart for diafts carrying a lair 

OR Stbbl DttlVINc Shakt. 



^^t:i.U 'i 1 " '* 


^4 


.. 1 3 


3i 


4 


4i 


B^^:,^%%r,7ft-oin.l8ft.oin. 


8ft. 6in. 


9ft. oin. 


gft.ein. |ioft,oin 


ttft.oin. 


izft.oin. 


1 3ft. oin. 


sterS^. 


5 Si 


6 


6i 


7 


71 


8 


9 


.0 


^A^i^, 


i3ft.6in. Hft.oin. 


iSft-oin. 


15ft. 6in. 


i6ft.ciii. 


17ft. oin. 


18ft. oin. 


19ft. oin. 


aoft.oin. 



SHAFTS WITHOUT PULLEYS. -If shafts are simply used for the 
of power, and do not carry any pulleys, the liearings may be spaced 50 per cent, further 
than in ihe table given above. On the other hand, extra bearings should be placed 
which transmit much power. 

BEARINGS.— Carefully conducted tests have demonstrated that the white metal 
are preferable to brass or gun-metal for many kinds of bearings. 

Those made by Prof. Smith with a journal 2 inches diameter and 2^ inches long, w 
in Magnolia metal bearings, the load being ^^Solbs., the speed 200 revolutions per minul 
the lubricant Scotch mineral oil, gave a co-efficient of fricimn as low as 0133- 

Babbit metal, and similar alloys, have been largely used and give excellent i 
especially under moderate speeds of working ; they possess the further advantages of not 
last when unused (as in hand cranes, winches, etc.), and of being very easily replaced. 



?r apart 
pullevs 



SPEED OF MILLING CUTTERS.-For cut 
the speed of the circumference of the cutter should l:e approxii 

Cast-ion 60ft. per minute. I Steel 

Wrought-iron 48fiper „ | Brass,,, 

For finishing cuts the speeds nay he increased fn 



if heavy ci 



being taken, a similar reduction ii 



fs 6in. in diameter and upwards 
itely as follows : 

30 per cent. On the other hand 



FEED OF MILLING CUTTERS. -If then 

vay, the rale should he appro.\imately as lollows ; 

Cast-iron.... ijin. per minute. 1 Steel 

Wrought-iron I in. pet ., | Brass 



ipced should be made. 

no great depth of material l< 



should have a c: 



SPEED OF GRINDSTONES.-Thcse tun at about 800ft. per minul 
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SPEEDS, Ac. OF CUTTING TOOLS. -The following lable wiih reference lo 
the angles of tools and the speeds of working largely adopted in this country for difTerent 
machines and different kinds of work, may lie worthy of record ; 



-„„,.L. 1 ,. ™l.,.. 


»„.„.,,. 


[ F«ip*rn.i™w. 


Shearing and punching .. 
Turning chilled rolls ., 
Screw cutting steel 
Screw cutting gun metal.. 
Boring cast-iron cylinder.. 
Turning cast-iron 


30 

15 to iO 


Turning wronght-iron 
Turning steel ... 
Turning gun metal 
Turning soft brass 
Turning wood ... 
Wood moulding cutler 


.. 1 25 10 40 

.. 1 JO to 25 

201040 

„.. 40I010) 

... 3000105000 



SPEED OF DRILLS. -The circumferent 
3of[. per minute for casl-imn, and isoft, for wrought- 
ir different sizes of drills fur cast and wroughl-iron is 



ial velocity of Ihc drill should lie about 
iron. The following table of revolutions 
calculated on thi.s basis. 



or Drill, 


Revs, of Drill vkr M.n, 


of Drill 


Rev*, or Dru.l per Min. 


WroL !,.„, Ca. .™„. 


Wrol. lion. 1 Ca« Iron. 


1 
1 
1 


225 ! ISO 
ISO 1 100 
"2 1 75 
90 60 
75 1 SO 
04 43 




55 
50 

30 


37 
33 
30 
25 

19 



SPEED OF SAWS. -Band saws 
r minute. For wood the speed is al 
cumferenlial speed of alxiut 9,003ft. per 1 



hoi iron and steel run 
4,OOOfl. Circular sax 
te. I'lain soft iron d'lx 
A to cut off ends of si 



ALLOWANCES FOR MACHINING rary so widely with the shape and the 
Loner in which the forging is turned oul, that hard and fast rules cannot be laid down. 

It is often much more economical to pay a higher price for forgings finished close ti; 
iiensiona, than to pay a lower price and have much work in the machine anil corresponding 



HARDENING STEEL, -The following colour tests, well 
:1 the approximate temperatures, will be useful for reference if it 
naces to permanenlly maintain any degree of temperature which e 
that to lie adopted : — 



Straw yollow 
Brown yellow 
Light purple 
Dark purple 



460° K — 238" C 

490" V — 254° C 

530° 1-- = 277- C 

550" 1-' = 2SS" C 

570° ]■• = 299° C 

610M.; = 321" C 



*S5 
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OIL TEMPERING STEEL by immersine iheaidcle, whenat a proper temperaturr;. 
in a bath of oit slightly hardens (he steel, and increases its tensile strength, but does not reduce iK 
malleability or make it much more difficult lo shape in machining. 

FRICTION OF SOLID BODIES.— This in proportion with the weight or pressure 
acling on the surface, and is independent Iwth of the area of surfaces in contact and of ihe 
velocity. It \-aries with the nature of the surfaces, even of the material.s, also with the ijualitv 
of the lubricant, and with (he temperature. 

LUBRICANTS. — For hea\-)* pressures the lubricant should be thick to resist being forccil 
out ; and Ihin for light pressures, so that its vicidity may not add to the resistance. —FoviUr. 
s (Fowler). 



.»„o., ,. c„,™ 




co„„„.„„„.,c„o>. 


Wood on wood or melal 
Metal on metal 


Gr% 

Lubricated 

Wet 

Dry 

Greasy 

Lubricated 


.4 to -6 

'? 



NOTES ON GEARING. 

PROPORTIONS OF TEETH.— The following expresses ordinary proportons of 
teelb in simplest terms of pitch, viz. : 

Thickness of tooth — -48 pitch. 
Width of space = 'ja pitch. 
Height above pitch line ^ -3 pitch. 
Depth below pitch line = '4 pilch. 
Professor Unwin, however gives the following proportions for pattern moulded wheels as 
more in accordance with scientific design ; 

Thickness of loolh '47^ — -oi to -48^- -03 

\yidth of space ■53f+-02 to ■5i/)+-o3 

Side clearance 06/+ 04 lo r^^ + 'Ofi 

Height above [Mich line... .. -^p to ■35/' 

Depth below pilch line "SS/t+'oS to ■4^+-o8 

Total height of tooth -fisJ^+'oS lo 75/'+ -oS 

TEETH OF MAIN SPUR DRIVING WHEELS AND PINIONS.- 

In the case of large spur driving wheels and pinions transmitting great powers and running al 
high velocities, such as those used with cotton mill engines, where the power is frequently oter 
1,000 H.r. and ihe velocity of the jjilch circle upwards of 2,000 feet per minote, Mr. M. 
Longridge has shown that the proportions, as r^ards depth of tooth given above, and which 
represents general practice, are ill-adapted to resist wear and leat, and that, instead of a total 
depth of tooth eijual to alii.ut 7 of the pitch, a depth of about one half this amount is much 
lietter calculated to stand the wear and tear of actual work. 

STRENGTH OF TEETH.- Exact calculations of the strength of gearing are 
somewhat complicated. Mr. Hox in his work on " Mill gearing," however gives the followinE 
empirical formula; for Ihe strength of wheel-teeth, taking the pitch as a basis of calculation : 
r — I'ilch of wheel in inches. 
W - Width of tooth in inches, 
S — Safe load on one tooth in pounds. 
Then, S - P « 3SC. 

This is said to allow a factor of safety of lo. In bevel wheels mean diameter and mean 
pilch must l>c taken. 
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SHROUDED WHEELS.— The effect of shrouding is i, 
tooth fthen considered as an overhung l>eam, and thus lo increase i( 
of teelh are variously affected liy shrouding. 

With teeth having parallel flanks, shrouding gives an increase of 38 per < 



^ethgi 






while radial 



operci 



MORTISE WHEELS.— Such wheels are usually taken at one-third the strength of 
cast-iron of same pitch and width. The teeth of mortise wheels are generally made much 
shorter than iron teeth on account of the wooden cog having to be made much thicker than its 
iron fellow, so as to insure proper strength. Thus for mortise wheels the height of the wooden 
ci^ and its iron fellow above pitch may be ;» x 15; the clearance at the end of the loolh may 
be -y/ X -125 ; while the depth below the pitch line - [p y. 25) + (V^ x -125). The 
width of mortise wheels is generally taken at two and half times the pitch. 

POWER TRANSMITTED BY GEARING.— The following tables are based on 
the following rule : 

If ^ — Circumferential patch in inches. 
B- Breadth of wheel in inches. 
V — Velocity of pitch line in feet per minute. 
HP — Horse power transmitted. 
Then 

HP = />' X B X V -^ IQOO for cast-iron. 
=^ ^- K B X V -^ 625 for casl-sleel. 

COMPARATIVE PITCHES OF GEARING 
DIAMETRICAL AND CIRCULAR. 



.,.-.™.. 




"■;,""."" 




>■---- 






InclifH 




Inchw 




inches 


1 


4'iSS3 


8 




39*7 


26 


0-I208 




31416 


9 




3491 


28 




u 


2-5'33 






3'42 


30 


0-1047 


'h 


1-0944 






2856 


3! 


00982 


'i 


17952 






2618 


34 


00924 




I 5708 


'3 




2417 


36 


0-0873 


2* 


'•3963 


14 




M44 


38 


00827 


^i 


1-2566 


15 




Z094 


40 


0-0785 
0-0748 


2i 


14244 


■6 




■963 


42 


3 




17 




1848 


44 


00714 


3i 


o-89?6 


18 




"745 


46 


0-0683 


4 


i.l% 


19 




'653 


48 


00654 


5 






157' 


50 


00628 


6 


05*36 






.428 


56 


0-0561 


7 


04488 


24 


01309 


60 


0-0524 



NOTES ON BELTING. 

s from 3,ooolb. 



5,ooolb. per square inch of 

rdinary belling and cast-iron 

from 3-l6ths lo s-i6ths of an inch, or an 



THE CO-EFFICIENT OF FRICTION heV 

pulleys is about '423. 

THE THICKNESS OF BELTS 
average of one-fourth of an inch. 

TENACITY OF RIVETTING AND LACING.-The ultimate tenacity of 
good single leather belting may lie taken at about i.OOOlb. per inch in width. The coirespond- 
ing strength of a rivetted joint being about 40o]b,, a butt laced joint about 250lh., itnd an 
oi5inary overlap laced joint 4701b. It is nut cuslomary, however, to allow an effective strain of 
more than one-fourth the amounts. 
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HORSE POWER THAT DIFFERENT LEATHER BELTS WILL 
TRANSMIT PER INCH IN WIDTH AT VARIOUS SPEEDS. 





KINU OK BELTS. 1 


BESTOA 


K-TANNE 


U BELTS. 




BUST 


LINK OR 


rHA.N H 


Bl.TS. 




zi: 


B^^Ti. 


■iS 


~ 


' 


i 


i 


J_ 


i 


■" 


t-KKI. 






HORSE 


TOWBB 


THEY W 


U. TRAN 


SM-T. 






lOO 


■■s 


"r^ 


■27 


■13 


■'S 


■17 


■20 


■24 


■27 


zoo 


■30 


■41 


■& 


■% 


■29 


■35 


■40 


■47 


■55 


300 


■4S 


-64 


■44 


■52 


■60 


71 


■82 


400 


■61 


■8s 


1-09 


■51 


■58 


■69 


•80 


"95 


109 


500 


76 


106 


1-36 


■64 


73 


■86 




1-18 


1*36 


600 


■91 


I '27 


1-64 


76 


-87 


1-04 






I -64 


700 


1-06 


i'49 


1-91 


■89 






1-40 


1-65 


1-91 


Soo 




170 


i'i8 


■gz 


116 


1-38 


1-60 


1-89 


2-18 


900 


136 


1-91 


245 


105 


I 31 


'■55 


1-80 


213 


*-4S 




"S" 




273 


r27 


1*45 


'73 




2-36 


273 




'V 


2'33 


3-00 


1-40 


i-Oo 


1-90 




2 '60 


3-00 




1-82 


i'ii 


3-27 


■■53 


'75 


2-07 


240 


2 ■84 


3*27 


I3CO 


1-97 


3-55 


1-65 


I-K9 


2-25 


2-63 


307 


3*55 


1403 




a '97 


3;82 


178 


2-04 


2-42 


280 


3*3' 


3-82 


1500 


2-27 


ris 




1-91 


218 


2-59 




3*55 
378 


4-09 


1600 


1-42 


3-39 


436 


204 


2*33 


2-76 




4*36 


1700 


2-58 


3'6' 


464 


2'l6 


2-47 


2*94 


3-40 


4-02 


464 


1800 


273 


3-82 


4'9" 


229 


2-62 


3-II 


3*&o 


4*25 


491 


1900 


a-S8 


4-03 


5<8 


2-42 


2-76 




3;So 


4 49 


518 




3-03 


4**4 


5 4S 


255 


2-9L 


3-45 




473 


5*45 




318 


4-4S 


373 


2-67 


3'05 


3;63 




496 


573 




3 '33 


4-67 


iTj 


2 -So 


3-20 




4-40 


5 20 




2,100 


3 '49 


4-88 




2-93 


3*35 


3*97 


4-6o 


5*44 


6-27 


J4CO 


364 


5 '09 


fS5 


fS 


3*49 


4'5 


4-80 


5-67 


fl^ 


2500 


379 


5-io 


6-8! 


3*64 


4*3* 


5-0O 


591 


6h 


26CO 




5'52 


7-09 


y2i 


37s 


4*49 


5-20 


6->5 




2700 




573 


7-.;6 


3-28 


3 85 


4-66 


S-40 


6-3S 




2K0O 


4-24 




7-64 


3'3' 


3-86 


4*73 


5-60 


662 




2900 


4*39 


6?S 


7-91 


3*3* 


3;87 


47s 


5*80 


685 


7-91 


■JCO) 


4 50 


6 '36 


8-iS 


3*31 




475 


5*97 


709 


8-i8 


3100 


4-00 


6>58 


8-45 


330 


3-85 


4*73 


5-96 


7-33 


8-45 


3200 


4-69 


679 


870 


3-*S 


3*8* 


471 


5*94 


7*37 


8*73 


33':o 


477 


7V0 


8-86 


3-M 


377 


470 


S*92 


7'J5 


8-88 


3400 


4-84 


7-2. 


8 '96 


3-19 


371 


4-64 


5-87 


732 


8-86 


3;o3 


490 






3'3 


3-61 


4*50 


5-78 


726 


8-80 


3600 


4'95 




916 


3*05 


3*50 


4*37 


5*67 


7-,6 


8-73 


3700 


4-99 


7 '48 


924 


2 -9b 


3*39 


426 


5'5S 


7-01 


858 


3S00 


S03 


7-54 


929 


2-84 


3**8 


4-15 


5*41 


687 


8-4' 


3900 


5-06 


7-60 


9 '34 




3*13 


402 


5 -20 


6-70 


8-27 


4000 


S08 


7 ■64 


9-37 


2-58 


2*95 


3-84 


5-or 


648 


S04 



WOVEN BELTS arc very fluxible ami light in proportion »ilh their pa I 

tismiliini; imiitrr. Tlmv iiro alsii uiiafVuclcd by c ha ngfis of temperature, water, ste m h ca 
ni'S. Eli-.p whiih «oulil dfittiiirale, if not deiln)y, leather belting. 

Slip on pulley.- Thcygtip the pulley iM^llcr than leather belts, bo that the ns 1 11 ci 
■'"■''" ' ' ■ - t oent. for woven belts, with c po d 



and U 



■lags. 
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1 the preceding page ;- 



Ordinary single belts, Solb. 
Light double bells, 7ijlh. 
Heavv double belts, 9olb. 
Link 'belts, Jin. thick, 421b. 

iin. „ 481b. 

|in. „ s;lh. 

jin. „ 661b. 

iln. „ 781b. 

lin. „ golb. 



DIAMETERS AND PROPORTIONS OF PULLEYS..--The dUmeter of 
the pulley should not be less than 100 times the thickness of otdinary bells, or 30 limes l!ie 
thickness of link belts. 

The ratio between the diameters of the pulleys should no! exceed 6 to I. 

The distance apart depends on the ratio. For pulleys having diameters of 2 lo I the 
■distance between centres should not be less than Sft.; if 3 to 1, loft.; if 4 to 1, 12ft.; ii' 
5 •" I. I5f'- 

The convexity of pulleys should be Jin. per foot in width. 

The width of pulleys should be one-fourth greater than the width of the belt. 

Perforating the rim of a pulley assists the adhesion at high speeds. 

MAIN DRIVING BELTS.— For the transmission of comparatively large powers 
in certain cases, as in dynamo driving for example, belts have for some time steadily been 
l^rowing in favour, but their relative great weight and excessive first cost prevent their adoption 
in cases where the power to be transmitted is very lai^ and the distance between the centres 
considerable, as, for instance, in the main drives of cotton mills In such cd^es lopes are 
preferable on many grounds. 

CENTRIFUGAL FORCE OF BELTS. — \t the ordmarj velocities adopted 
in connection with line shafts, the effect of centrihigal action does not materially affect the 
power transmitted. At speeds of about 3,000ft per minute and upwards ho«e\er the action 
■of this force tends to reduce the amount oj power the belt is capable of transmitting In the 
table on page 257 the action of centrifugal force is taken into atcount in fi\ing the power 
transmitteil. 

LINK BELTS.~On account of their greater strength and flt\ibilit} link bells arc 
superior to lighter belts at low speeds, and can be used on smaller pulleys Their open 
character also permits of the escape of air, and probably assists their adhesion while their mode 
<if construction renders them of equal strength throt^hout \t high velocities their greater 
■weight renders them useless in consequence of the action of centrifugal force 



NOTES ON ROPE DRIVING. 

ADVANTAGES OF ROPE DRIVING. -Although spur gearing is, theoretically, 
the most exact method of transmitting velocity ratios, and when well constructed gives also the 
highest mechanical efficiency, still its practical working is accompanied wilh so many. 
^isad\-ant^es, as compared with rope dnving. that the latter method of transmitting power 
has during the last ten years lai^ely superseded toothed gearing in cotton mills, where smooth 
and regular turning are points of special imporlance. The quietnes! 

coiitrasl to gearing. Changes of speed, ''- •' — "' ■- ■" 

easily effected. Breakdowns are more cV , _ 

and greater weight of main driving drums, coupled with their higher velocity, cause ihem t( 

wilh greater efficiency as speed equalisers, and thus ensure more rt^ular turning. 
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SIZE OF ROPES AND PULLEYS.— The Mze and number of ropes, as «cll 
as the least diameter of pulley, for any given power are points of importance, and should \k 
considered for each case. It is better to use smaller ropes, consistent with not having too niary 
in the space availftble. There is less internal friction (which is the principal destructive agenii 
with small ropes than lat^e ones, and hence greater efficiency and endurance. The least size nf 
pulley should, wherever possible, not be less than thirty times the diameter of the rope. Should 
circumstances render it necessary to adopt a smaller diameter of pulley than this, then ihi; 
power transmitted should be reduced in the same proportion. !■ " '',.. ...., ^^l^utAt' "CBV)i"i_r^. 

SPEED AND WORKING STRAIN ON ROPES.-The breakit^ strain 
of good cotton ropes is about 4 tons or 9,ooolb. per square inch, and a proper allowance fur 
working strain is about joolb. per square inch of sectional area. Of this amount about 10 per 
cent., or 6olb., is absorbed in overcoming back tension, wedging of rope, Sic, leaving 240II1. 
for centritiigal force, and transmission of power. 

STRAIN DUE TO CENTRIFUGAL FORCE.-The strain arising fr,mi 
this cause increases with the square of velocity, and imposes a limit on the speed beyond which 
it is not economical to go. This limit for cotton ropes is about 4,700ft. per minute. In the 
following table the etTect of this force is taken into account. 

LIFE OF COTTON DRIVING ROPES.-The average life of cotton lofei 
properly put on and well caied for is about 12 years, while some have remained in good order 
after a lapse of 1 7 years. 

FLY ROPES FOR TRAVELLING CRANES, Etc.— The velocity of rop^ 
used for this purpose ranges from 3,000ft. to 5,ooofi. per minute. As these ropes have i" 
bend round pulleys of small diameter thick ropes cannot be adopted, and it is not usual f»r 
(hem to exceed Jin. in diameter. For the same reason Ihey should not be relied upon tn 
transmit more than 50 per cent, of the power of main driving ropes. 





Proportions 


r Cotton Driving Ropes and Pullevs. 
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■l!5 


72 


14 


48 


6-84 
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"44'7 


■184 


106 


^ 


7" 
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■66n 


■25 


144 


96 


13-67 


I,^ 


16 




78s; 


■33 


190 


63 


127 


I8-0S 




30 


H 


I-JI7J 


■SI 


294 


98 


196 


27-90 


Ml 


37 


1 


1 767 1 


■74 


4J6 


142 


284 


40-48 




45 


li 


24053 




S76 


192 


384 


s4^;o 




SI 


1 


3't4'" 


fio 


750 


ISO 


500 


7110 


2i 


60 



HEMP AND MANILLA ROPES.— Ropes made of these materials havt 
been tried for driving ropes, but experience shows them to be neither so strong nor so duralik' 
as cotton. They are, however, sometimes used with advantage when the velocity does irnt 
exceed alxiut 1500(1. per minute. 



STRUCTURAL NOTES. 



The general informal 
may probably be of seivi< 

Consecutive progress. — In this connection 

as far as possible, without re-handling and with n 



t may not be amiss to direct attention to (li 
w of the work (of whatever kind) proceedinj: 
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DESIGNS FOR FLOORS.— In preparing these, attention should be given to the 
Sf^ctions which will be most eoonomical and convenient, the deflection permissible under the 
probable maximum live, or moving loads, and the weight of the materials in the floor itself, 
wliich is not included in the following table. If flanges are weakened by holes at points 
where the maximum load is applied, allowance for (his should be made in determining the 
section of girder to be used. 

STRENGTHS OF FLOORS.— The following table, published by Mr. T. W. Ward, 
jjives the approximate live or working loads for various classes of buildings : 

Attic floors ... ... ... ... 34 to 56 lbs. per square fool. 

Dwelling room floors ,. ... ... 56 to 70 ., ,, ,, 

Offices, libraries, etc. ... ... ... 70 to 80 , , , , 

Stairs and pass^es ... ... ... 80 to 90 ,. ,, ,, 

Work rooms, light business premises, etc. ... 90 to too ,, ., „ 

Churches, theatres, ball-rooms, public halls, stores, etc. too to 125 

Workshops and light wareboiises ... ... 125 to 150 ,, ,, „ 

Warehouses for heavy materials ... ... 15010400 ,, „ ,, 

Heavy niachinery .. . ... ... 25010500 „ ., „ 

and to these must be added the weight of materials in the floor itself. 

DEFLECTION OF GIRDERS.— A slight occasional deflection is sometimes of' 
little importance, but if beams carrying a plaster floor deflect i/3oth of an inch, the ceiling will 
probably crack, so that, for such purposes, the depth of the girder should not exceed l/20th of 

FIRE-PROOF FLOORS.— A floor constructed of steel girders and six inches of 
coke breeie cement weighs about 70 lbs. per fool of area of floor, for which allowance must he 
niade if this excellent construction is adopted. 

WEIGHTS OF GIRDERS.— Those given in the table at page 213 ma^ be taken as 
the mean weights per foot, but some variation is inevitable ; this, however, will usually be 
covered by an allowance of 2^ per cent, over or under the tabulated we^hts. 

TENSILE STRENGTH AND SAFE LOADS.-The data given at page 213 
relates to British made girders, and is based on a breaking weight of 28 to 32 tons per square 
inch of section, an elongation of 20 per cent, in a length of 8 inches, and coDtractton of 
area of 40 per cent. 

The tensile strengths of imported girders will probably be about 10 per cent less than those 
given in the table referred to. 

DEAD LENGTHS AND STRAIGHTENING.— Girders sawn hot as U.ey come 
from the mills can usually be supplied within i-in. to li-in. of the lengths required. If they 
a.re cold sawn to exact lengths, the extra cost will probably be 6/- to 7/- per ton. 

If cold straightening is necessary the cost ranges from 3/- to 5/- per iBn. 

TRAM LINES INWORKS.—Tbesavinginlimeandintbecostofhandlingmaterials 
which is effected by the use of narrow gauge track and suitable trucks is probably much larger 
than is generally reci^nised, but it becomes very evident when we consider thai if the wages of 
only one boy at 2/- per day are saved, this amounts to j^jo per annum which is equivalent to 
10 per cent, on a capital outlay of jfjoo— far more than that would be required to equip many 
works or industrial establishments where these appliances do not, at present, exist. 

Example of saving. — This is furnished in one works where, after the installation of 
about 700 feel of track and 12 trucks, ihe wage sheet was reduced by ^4 los. per day and the 
industrial efficiency greatly increased. 

Gauge of track.— It may be well here 10 direct attention to the remarks at pace 3 with 
reference to intermediate rails to form a double track in works which are provided wiih the 
ordinary (4 feet S| inches) gauge railway. 

Details to be conaidered.—These consist principally of the under-camed t 
The gai^ of rails and minimum radius of curves to be used. 
The weight of rails and type of track, also of switches and crossings. 
■" ' ' to be carried and best type of truck, 

ispeiised with ? 
trie locomotive be used ? 
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General informAtioii on most o! the above-named points and many approxtniaie prici:- 
uill be found at pages 89 to 109, or the materials best adapted for the purpose will be supplleil 
ir the necessary details, including [hose relating [0 the above-mentioned points are furnished- 
Turn tablet. — If these must be employed the type and diameter should be defined, or ilic 
ilistance between centres of track wheels and the nature, dimensions and weight of the maximum 
Iliad should be stated. 

Locomotives.— The approximate tractive capacity and cost of locomotives of the usujI 
Ij-pe will be found at pages 91 to 96, hut if the use of steam power is inconvenient or inadmis 
sible, the work can be done by electric power. 

Electric traction. — Electric locomotives are arranged lo pick up the current from over-head 
or underground conductors, or they are constructed to be supplied from storage batteries which 
require no attention during the day and can be charged at night, or at intervals in working 
hours when haulage is not required. 

These locomotives are extremely simple and easy to maintain, and are economical when- 
current is generated for lighting or other purposes, or can be obtained al moderate cost. 

Rolling; stock.— This necessarily varies considerably, but for carr>'ing heav-y or bulkv 
loads— say exceeding 5 tons — it will be found desirable to use 8-wheelcd (rucks with doulik 
swivelling Ix^es. 

It is scarcely necessary to point out that the trucks should be constructed with special 
reference to the work to be performed. 

GRADIENTS FOR WOOD PAVEMENT.— It is not desirable to use hard w.»k1 
for pavements with gradients exceeding i in 36. If soft wood is used the gradient should not 
be mote ihan I in 30. 

GRADIENTS OF SELF-CLEANSING DRAINS.— The flow in ordinary house 
or soil drains should have a velocity of aljout 44 feet per second, but 3 feet per second usually 
suffices for drains or sewers of 12 to 18 inches diameter. 

FLOORS FOR WORKSHOPS AND STORES.— A really good floor which 
shall be as noiseless and duslless as possible, support heavy weights without (earing or sinking, 
and not get into hills and hollows, is always a rather la^e item in the total cost of a building, 

A concrete floor about 6 inches thick, costs 4/- to s/- per square jrard and — if very well 
laid — lasts a long time. 

It is regarded by many as easy to repair, but in practice it is not so, because new concreli: 
put in to make good irregularities — however carefully this may be done — never thoroughly 
combines with the old work, so that it shells ofl" and always presents an uneven surface and a 
patchy appearance. 

A wood plonk floor is the cheapest, but it soon becomes dusty and, under heav} wear 
is apt to work loose and to wear irregularly, so that in addition to the above-named objeclions. 
there is the further one of a rather serious co ' 



Wood block floor laid on concrete is the most expensive but by far the best and most 
durable for warehouses, engineering workshops, etc. The writer's experience with all the 
systems leads him to conclude that wood block floor is the most economical in the long run and 
the most satisfactory. 

Plank and concrete floor.- A good and durable floor, any part of which is easily 
renewed when worn, consists of a layer of cinders with one of concrete over it, nailing strip 
lieing Kiiibcddcd therein to which the floor planking is spiked. 

The thickness of the layers are varied from about 12 Inches of cinder and 6 inches iif 
concrete for the floor of heavy engineering works, to about half those thicknesses in shops for 
lighter work, or fur warehouses in which loads are fe-iriy evenly distiibuted. 

COMPOSITE BUILDINGS OF STEEL AND CONCRETE.— The rapidity 
which fectory, warehouse and other buildings can be put up under this mode of construdiun 
will recommend it in some countries, if not in this. 

The framing of Ihe building usually consists of rolled steel channel bars of light seclinn 
properly tied, all of which can lie prepared and delivered ready for erection. These frames arc 
filled in with cement concrete for the outer walls, the inner walls being formed of exp.inding 
metal and plaster or of cement blocks (see K'low). 

The cohinms may be made of rolkii steel sections with lattice ties, and surrounded with 
eK|janding metal work and plaster facing. 

The floors are easily laid in concrete so that Ihe building is— as far as possible — fire-pro.if. 
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FIRE-PROOF PARTITION WALLS.— From tests made in the U.S. of America 
it seems that plaster portions, whether with or without metallic lath netting, disintegrates 
rapidly under the action of a stream of water when the walls are a high temperature. 

But walla huill of terra-cotta, or concrete blocks suffered very little damage from the action 
of water. 

CONCRETE WALLS.— The following system has been successfully adopted by one 
of the leading railways in the United States of America for the construction of extensive 
Ij>comotive and Carnage Works, and seems equally suitable for the walls of many warehouse 
and other buildings. 

Compositioii of Concrete. — The concrete wa.s made of i part Cement, 3 parts Sand and 
ti parts Cinder. 

These were mixed very net, and puddled with a light wooden rammer to secure even 
distribution of the materials. 

The forms were of yellow pine coated with soft soap to give a smooth surface, and no 
provision was made for expansion and contraction. 

Bludug; and Depositing.— Some of the concrete was mixed by hand and some by 
machine ; the former was the most economical where the walls were less than 18 inches thick 
If the machines were used for this part of the work the cost of mixing was reduced, but that of 
handling and depositing was increased.— £nfj>ie«-. 

FOUNDATIONS IN SOFT OH WATER-LOGGED GROUJJD.— The 

appliances adopted for making the foundations for columns, girders, etc. in many of the buildings 
for the Paris Exhibition of 1900 are similar to those used for pile driving, the driving monkey 
being replaced by a cast iron cone with chilled point weighing about i^ tons. 

This cone (raised and dropped as in pile driving) penetrates the ground and rapidly makes 
d, hole, in some cases 8 to 9 feet deep, ready to receive the concrete or other material suitable 
for the foundation required. 

Progress is much accelerated by keeping the ground mo dunng i ng h a so nds 
to solidiij the surrounding ground. 

FOUNDATIONS FOR TEMPORARY WORK w easonad n he mann 

last named, the hole being filled' with loose stones, wi h o w hou ce en g ou ng and 

covered with an iron plate, or with timber which can be eco e ed when he empt ary 
.structure is removed. 

BITUMEN.— A thin layer of bitumen, forming a contmuous surface, laid on concrete or 
a single course of brick-work as a lining for tanks, reservoirs, sewers, culverts, etc. entirely 
prevents leaki^ and is equaliy efieclive in protecting iron-woik, and making bridge decking 
permanently water tight. 

CEMENT CONCRETE PILES.— The advantages claimed for the concrete piles 
devised by M. Hcnnebique are, that being fornied of steel bars enclosed in concrete, they are 
easily driven and absolutely indestructahle. 

Tbe piles are usually 12 inches to 16 inches square, and consist of four steel bars which 
are laid in the concrete the full length of the pile and project slightly beyond it at each end. 

The concrete can be mixed in any of the machines mentioned at pages 29 to 41, so that 
no special plant is required ; and if a simple elastic medium is introduced between the tops of 
the steel Ixirs and the driving monkey, the pile is put down quickly and without shattering the 
head. This has been proved with piles drii'en to a depth of 50 feet, which have successfully 
withstood a test load of 2(X) tons distributed over four piles. 

Piles which cannot be driven to their full length are sawn off at the height desired. 

SUPPORTING POWER OF PILES.— Mr. E, P. Goodrich states, as a result of 
careful experiments in which he obtained a record of the vertical motion of the pile, the time 
occupied by this motion, the velocity of the hammer or " monkey" as it strikes the pile, and of 
pile at each instant of its movement, as well as the compression of the head of the pile from the 
blow of the hammer, obtains the following results, which he considers closer than any formula 
excepting Trautwine's. 

He finds that the supporting power, in lis, of the pile is equal to ten times the weight uf 
the hammer, in lbs., multiplied by the height of drop in feet, divided by three times the 
penetration of the last blow in inches. 
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recommends ihat these should contain the 



Spedficatioiu for pile dririiig. — He 

following conditions : 

Piles shall be driven to such depths that the last blow of a 3coo-lbs. hammer falling 
freely 15 feet shall not produce a penetration greater than one inch, or an equivalent penetraliun 
directly proportional lo the weight of the hammer. It is believed that such piles will support an 
ultimate load of within 10 per cent, of 75 tons. 

The formulai deduced from ihe foregoing is 3030 x 10 " 15 "66.96 Ions. 
"3 

CRUSHING LOADS ON ROLLED STEEL STANCHEONS OR 
COLUMNS, the ends heii^ flat and firmly fixed and the loads equally distributed. 

Dead loads must noj exceed one-fifth, or Live loadsone-seventhof those tabulated. 
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{A/iosures] 

BRICKS AND BRICKWORK.— Bricks should be free from cracks, flaws u. 
lumps, especially lumps of lime, and should not absorb more than one-sixth of their weight 

Brickwork should be well bonded, no joints between bricks coming in line either lengths i«r 
or across the work. 

Stock briclcs meajiure 9-in. x 2}-in, and the average weight is about 6J-lbs. 

1000 bricks stacked -56 cubic feet, 18 bricks=i cubic loot and weigh aboiU i20-lbs. 

A Rod of brickwork contains 4300 (235 cwts.J bricks and 71 cubic feet of mortar, and 






t 15" 



I 15 bricks when 1 



A cubic foot of brickwork 1 

about l2o-lbs. 

A square foot of wall, single thickness, requires 6j bricks, or 13^ for one brick Ihick. 

Materials in a rod o' brickwork.— These consist of li cubic yards of chalk lime and 
3 loads (cubic yards) of sand, or its equivalent ; or 1 cubic j-ard of stone lime and 3J cubic 
yards of sand ; or 36 bushels of cement and 36 bushels of sharp sand. 

Number of bricks in a piece of work.— Cubical contents in feet x i5^number of 
bricks used. 

Bricks in compression.— The crushii^ weight has been found lo vary from about 500IIK. 
lu I0,o00-ll:s,, and even more, per square inch, but the safe permanent load allowed usuatlv 
ranges from loo-lbs. lo 200-lbs. per square inch. 

The result of a number of carefully conducted tests on brick piers show that the ri " 
to crushing is largely influenceo by the nature and properties of the 



piers 
Portland « 



with 
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ARTIFICIAL STONE FOR PAVING AND OTHER PURPOSES.— Goo 
paving slabs or " flags" ate produced by mixture, in proper propotlions, of cement, sand and a 
little water, with granite chippings, clean gravel, stone quarry refuse ot destructor, or furnace slag. 

Very little machinery was employed, formerly, in their production, but the steady and by 
110 means unimportant increase in demand, and the diflicully in obtaining a supply of sufficiently 
Kkiiled labour has (in this, as in other branches of manu&cture) led to the introduction of 
machinery whereby the labour of one man snffices lo turn out thirty or more blocks per hour 
well finished and of thoroughly reliable quality, but as mentioned further on, it is belter to limit 
ihe number 10 twenty-five or thirty per hour. 

Process of nuuufacture. — Apart from the appliances (which may or may not be lequired) 
for thoroughly cleansing the materials, stone breakers and screens (see pages 181 to 184) are 
iie:essary for classifying in suitable sizes, and elevators or conveyors (referred to at pages 212 lo 
2.'4) for delivering the sized materials to the concrete mixing machine. 

Almost any of the machines illustrated and described at p^es 29 to 41 may be used, 
but none give better results than that represented by Fig. 5017. 

Whether the materials, including cement, shall be measured and fed into the mixer 
automatically, or in accurately ascertained proportions, is lately a matter of convenience, but 
experience indicates that the variations in proportions which almost inevitably occur in feeding 
automatically, may lead to inequalities in the ' proportions of materials delivered to the mixer, 
involving, perhaps, waste of cement, or decreased strength of finished products. Some remarks 
on this subject virill be found at page 30. 

The charge fed into the mixing v 

mplete labour-saving machine consists of a massive base 
hich support the pressure cylinder and ram. A block 
suitable in size and shape for the object to be produced is attached to the bottom of the ram 
and this operates on a mould, which has been filled with concrete for a new block, during the 
time that the preceeding block has been kept under pressure and is being removed. The tables 
are moved by hydraulic appliances, so that one man eaaly manipulates the press and fills and 
discharges the moulds- The presses are entirely self-contained and do not require expensive 
foundations. 

H^aulic pressure pUnt — The pumps, accumulator, intenafier and the steam, gas or 
oil engine, or electric motor, can be fixed where convenient, but as a rule, power for driving the 
pressure pumps is supplied from the motor which drives the concrete mixer and accessory 
installations. 

ArrBngemeilt of plant— Considerable economies may be effected by judicious arrangement 
of the concrete plant and that for Iransferring the finished products lo the soaking tanks, where 
they remain a longer or shorter time according to the nature and quality of the products. 

Ontput of plant. — The same presses are employed whether the articles manufactured are 
paving slal«, balustrades, architectural mouldings, or other articles, and can be tinged in 
almost any colour, but the quantity of paving blocks made so far exceeds other products, that 
they are adopted as the standard for output. 

It may be welt to mention that the presses are capable of turning out much more than the 
above-named 25 or 30 slabs per hour, but experience shows that the quality is greatly improved 
by limititig the output to about that number in order to obtain a sufficiently prolonged exposure 
to pressure. 

Size of paving; slabs. — Unless otherwise instructed the presses are adapted for making 
blocks 3-ft. by 2-fl. 6-in., 2-ft. 6-in. by 2-fi., and 2-fi. by 2-ft., and of any thickness between 
aboet 2-in. and 3-in. 

Price of p 

highest quality of Portland ci 
foot, for slabs 2-in. thick. 
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NOTES ON LIGHT. 

INTERCEPTION OF LIGHT BY GLASS.-It has been ascertained W 

enperiment thai the volume uf light Iransmilted through different kinds of glass decreases in 
the following ratios :— 

Britia 

Sheet i . , „ 

Rough cast plate gloss ^-in. thick 30 

Rough rolled plate glass |-in. thick, four dales in an Inch 53 „ 

LIGHTING LARGE AREAS.— If neither gas or electric light is a\-ailahle for 
the temporary or peniianent lighiing of large areas in the open air, in fectories or other buildinys, 
prolably one of the methods of burning kerosene or similar oil in conjunction wiih 
pneumatic pte.vsuce will be the most convenient and econumical. The oil incandescent light Is 
perhaps the liesi of these, lieing pe f ly p leanlj and cj t eas to instal. 

ELECTRIC LIGHT. — \s po d t Isewh f urr is provided fo no 

power, the additional eosl of cu t eq d f 1 j,ht g so II and the si per un ) e 

al] other modes of lighting is s> m k d th t p 1 Uy n 11 ually be lit e hesita n 
in adopting it. 

Cost of installation.- Inf t th bj t w th 1 t ost of diffe en t pes f 
generators will he found at pi^ jS 4 

OIL INCANDESCENT LIGHT.— This light, Kitson's system, is produced by 
Tapourising kerosene or one of the high rectified hydro-carbon oils in minute quantities. 

This vapour, used in conjunction with a Bunsen burner and an incandescent mantle, 
produces an extremely steady and brilliant light at very small cost, and so pure that it is 
successfully used for phott^raphic and artistic purposes, as well as for general lighting. 

Mode of production. — The supply of oil for one or for a number of lamps is stored in a 
steel reservoir of the necessary capacity, and delivered under pneumatic pressure bj' tubing la 
the vaporiser and burner. The reservoir is conjplete with all necessary fillings, and may be 
placed in a cellar, or wherever convenient. 

Comparative cost — A series of carefully conducted tests show that, including renewals 
and attention, 1000 candle. power oil incandescent light costs 0'8 pence per hour. 

The cost of incandescent gas and electric light of JOoo candle-power, taken under ihc 
conditions aliove referred to, was respectively 17 pence and 27 pence per hour. 

Tlie cost of installation far oil incandescent l^hting is very moderate whether for 
constructional, manufacturing or domestic purposes, but as the present remarks apply principally 
to (he former the following indications of cost will probably suffice. 

The prices of lamps of 1000 candle-power, with globe and fittings readv for fiiiinu, 
range from /S to ^10 each. 

Reservoirs vary in capacity and price, but one to su|^ly one lamp of looo candle-p'>wct 
for 30 hour.s (or two lamps for 15 hours), complete with filtmga, costs about ... £n 

A contractor's lamp, with post and Iripod, resenoir and outfit, costs about ... £22 

Street lamps, wiih enlumn and complete outfil, will probably cost, each, from £2^ io£y> 

WELLS LIGHT,— This .system burns refined mineral oils such as kerosene, etc. and. 
beiiiK very piprtablc and eas}' to handle, has been largely used during the construction of 
railways, iloik and larye buildings of all kintls, as well as in premises where a powerful light is 

PORTABLE STANDARD LAMPS are usually from 1500 to ,^500 candle-power 
and are entirely self-coiitaincil. The supply of oil is carried in a cylindrical reser\-oir built of 
steel pljlt, and filiiid with pump for charging il, and for producing the pneumatic pressure 
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Candle power of lamp ... ... ... i Ijoo 2500 ' 3500 

Length of flame ... ... ... inches] 18 24 1 3^ 

Consumptmn of oil per hour ... .,, ... gallons J li ^ 

Price of portable lamp complele .-■'jj'S l" £'(> i" i£t7 'S 

Extra burners each | 30/- 35/- \ 40/- 

Packing for shipment and deliver)- f.o.b. coils about 5 per cent. 

PORTABLE OR FIXED LAMP POSTS.- These are of wrought iron and can 
l>e used in connection with the reservoirs and lamps above deserilwd. the lamps being provided 
with flexible tuljc connections and appliances for r^ulating the height of lamp up to 20 or 25 feet. 
or for lowering to ground level for cleaning, etc. 

The price of post, flexible tube and accessories is £j. 

SMALL PORTABLE STANDARD LAMPS of 500 candle power, weigh only 
n.bout 30 lbs,, and are useful for moving where special lighting is retiuired, and, like the lai^tr 
lamps, have handles for that purpose. 

The price of a. 500 candJe power lamp is ... ... ... ... £7 los. 



LIGHTING FOR WORKS AND BUILDINGS.~The experience gained in the 
traction of the Forth Bridge fully established the value of the electric light whether for 
outside or inside illumination and for permanent or temporary works. 

Tlie cost of insttdlatiotl is so small an item in the total cost of plant for works of any 
magnitude, the entire absence of heat or smell inseparable from oil or other lamps, and the 
extreme flexibility of the electric system are all strongly in fovour of its adoption. 

The Lamps employed on the Forth Bridge 
incandescent for interiors, and arc lamps of 1500 1 
lighting. 

The relative advantages of electric and oil, or other modes of lighting, were never more 
prominent than in the perfect illumination by electric light of the air-chamliers and shafts of the 
pneumatic caissons, with entire absence of contamination of air by unconsumed products which 
IS so exhausting to men when working under pneumatic pressure. 

The Ludgen light, costs little for installation and maintenance and is often used 
with great adi-antage. The principal drawtiack to it is, that unconsumed oil is sometimes 
carried away by a high wind to the detriment of stagings or anything on which it may be 
deposited. 

ACETYLENE LIGHT.— The illuminating power of this light is ij times higher than 
that of coal gas, with &r greater purity and brilliance. The plant for its production is compact 
and presents no dithcultie^ in erection or attention, and it is claimed that Acetylene can be 
produce<l with safety in small installations for private use, or in large ones for public supply. 

Cost of Acetylene —One cwt. of Carbide of Calcium produces about 560 cubic feet of 
Acetylene ; this will supply 130 lights each of 15 candle power for ten hours, and assuming the 
cost of carbide to be as high as 30/- per cwt. the cost per light is aliout one farthing per hour, 
or approximately the saine as coal gas at 3/- per loco cubic feel, or electric light at 3d. per unit. 

Installations, —The apparatus comprises the generator, a holder and a purifier, with the 
necessary pipe connections between ihtni, the main pi[ic for distribution Ijcing coupled to a 
nozile on the purifier. 
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Producing capaci^.— The quanlily made al one operation will supply Ihe number of 
burners given in the following table, all of 15 candle power and alight during 6 hours ; the 
duration of supply, of course, varies in proportion with the greater or less number of lights. 

Prices of Acetvlenb Lighting Plant. 



Number ofljghts (ij c.p.) supplied... 
Duration of supply ... hours 
Price of installation ready for erection 
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POWER AND FUEL. 



196 British thermal units per indicated horsepower. 

The best gas engine consumes 158 B.T.U. or equal to 27 per cent. 
The beat oil engine t24B.T.U. which is equal to 34 per cent. 

The best record appears to be l-lb. of coal under the boiler of a steam engine osing 
super-heated steam, and j-lb. of anthracite coal in the gas producer of a gas engine. 

GAS OR OIL ENGINE INSTALLATIONS.— It is claimed that with gas at 

2/6 per 1000 cubic feet, or oil at equivalent price, a gas or oil engine coupled direct to the 

10 spindle will produce current at a cost of about ijd. per Kilowatt hour, including all 

^ for attendance, maintenance, and depreciation. 

The obvious advantage of this system is that the ei^ne is started only when electric light 

or power is required, that it requires no attention when running, and working expenses cease 

when the engine is stopped. 

DETERIORATION OF BOILERS.— Without attempting to deal with this large 
subject in detail, it tnay be well to mention some of the points which should have careful attention. 

Corrosion of SheUs-^This is nearly always due to dampness caused by, perhaps, quite 
minute leak^e, or by defective drain^e, this evil being frequently exaggerated by an encesMve 
and unnecessary thickness of brickwork on which the boiler rests, leaving that portion inaccessible 

A surfece of 4 or 5 inches need never be exceeded, and this should consist of fire brick 
blocks set in tire clay, care being taken to leave as much access to the shell as possible. Lime 
mortar, which, when moist, acts most prejudiciously on the shell plates should never be used. 

Longitudinal Seams. — These should be above the brickwork side setting, to admit of 
periodical examination and such attention as may be required. 

Grooving and Internal Corrosion.— The former is almost invariably traceable to defects 
in construction, especially to staying. In some cases it is due to a lack of rigidity, but in many 
more, to too great rigidity. 

Numerous cases could be cited in which this has been induced transversely by the dilation 
of the crown in vertical boilers, and longitudinally in boilers of the locomotive and other type?. 
The latter is usually due to unequal expansion and contraction, very often caused by contact 
with too large a mass of brickwork. 

COST OF STOKING AND CLEANING LAND BOILERS.— It has been 

found that the cost of stoking and cleaning factory and similar boilers, agregating about loco 
horse-power, is about 7s. 6d. per horse power per annum. 

The cost is divided into 45. per horse power per annum for stoking, and 35. 6d. for cleaning. 
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Quantity of Water.— Even if provision is made for quite double ihequantiiy of water 
r^^quired foi a guamnteed consumption of stea.m, by the time all the subsidiary plant gets to work, 
there will probable be some leakage in pistons, valves, etc. to say nothing of possible inerustra- 
lion in boilers and wetter steam al the engines, so that the gnaranteed (say) Ij-lbs. of steam pet 
indicated horse power per hour, becomes 2o-lbs. or more and much expense is incurred in pro- 
viding the needful la^er supply. 

Qnaihy of water.— Whether the generally accepted statement that the effect of scale 
I's of an inch thick, is to increase cotisumplion of fuel, 15 per cent. J-inch. 60 per cent, and so 
on be correct or tiot, it is certain that scale deposit in boilers does increase consumption of fuel, 
and as cheap engine power cannot be obtained without all possible economies in fuel, it would 
seem that thb matter deserves more consideration than it si '' 



FIRING STEAM BOILERS.— Economyin consumptionof fuel canonlybe attained 
by maintaining a uniform and proper thickness of fire, a thick Hie being necessary for high 
furnace temperature, and this of course, involves firing at regular intervals if the consumption 



n the following tables (Hulton) 



Weight, Bulk, 


AND Bur 


«NG QtJA 


LITIF.S OF 


Coal. 






hea'^. 


Bulk of 
h«^'d. 


Draught 


burns. 


Qu.n,i„ 

SiDOlu. 


Welsh cc^i ;; ::; 

Newcastle 

Lancashire . 
Derbyshire 

Yorkshire 

Scotch 


521 

So-3 
48.6 
46 'S 
47-0 
476 
49-i 


38-4 
432 

%i 

47 '4 
47 5 
47 -o 
430 


Quick 

Ordinary 

Moderate 
Ordinary 

Brisk 
Ordinary 


Difficulty 
Free and 

cleat 
Quickly 


None 
Little 

Large 
Very'largi 



Weight of One Cord of Kiln-dried Woods and 
Weight of Coal of Average Qual 



English Oak ... 

Ash, Beech, and Thorn ... 

Red Oak, Hard Maple, and Walnut 

Apple, Pear, Cherry, and Plum ... 

Birch, Elm, and Hazel ... 

Chestnut and Yellow Pine 

Pitch Pine, Alder and Poplar 

Willow, White Pine, or Deal 





1-80 




2-89 


4! -42 . 


3 ■07 






18-32 .. 


3-61 


5-28 .. 


4-09 


174 




whilst th. 


proportion c 


e of anth 




e e«ima<e 


may be mad 
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LIQUID FUEL FOR STEAM BOILERS.— Appliances invented by Mr. Holden. 
M.Inst.C.K., for burning ilniosl any kind of pelroleiim, shale or gas tar oil, aiane or in any 
combination, is attached, at small cost, to locomotive, Cornish or other type of boiler without 
alteralinn lu the furnace or lire-liox, so that ordinary fuel may at any time be used. 

The (hI feeding appliances are manipulated as easily as an injector and the results of extended 
tests show ihal tnilers which evaporate only 8-lbs. of water per i-lb. of coal, evaporate I4-Ibs. 
of water with l-lb. of oil fuel. 

Steam is raised very rapidly, the boiler power is largely increased and combustion being 
complete, there is an entire absence of smoke, ashes or clinker. The saving in weight and 
stor^e room is also considerable. 

COAL.— The following taWe ( Periy) illustrates the stages of gradual change from wood 
or decayed vegetable matter to anthracite. Disposable. 

C. H. O. H. 

Wood (mean of several analyses) ... 100 ... " " 

Peat ( ., „ „ 1 ... 100 ... 

Lignite ( „ fifteen varieties) ... 100 ... 
Ten-)'ard coal, South Staffordshire ... 100 ... 

.Steam coal from the TjTie 100 ... 

I'entrefelin coal. South Wales ... lOO ... 
Anthracite, Pennsylvania, U.S. ... 100 ... 

It will be noted that the proportion of carbon relatively ir 
hydri^en and oxygen relatively decreases ; and that, except in the ci 
an increase in the disposable hydrogen. 

CONTENTS OF COAL DEPOSITS.-An appro-iima 
of the quantity of coal which may be expected to be obtained from a _ . _ 

number of English acres and reckoning that a thickness of each I inch of coal will yield about 
100 tons of coal for each acre. As an acre is about 4000 square metres and I inch about 25 
millimetres, it follows that practically the same result is obtained by 400a x 025 ^ Ions of coal 
100, and that each acre or 400 square metres of a seam 4 ft. thick will yield 4800 tons of coal. 

This mixle of estimating leaves about 25% for faults and loss in working, which is usuatly 
a sufficient margin for these contingencies. 

But the accuracy of the estimate depends hirgely on the specific gravity of the coal, which 
varies from about l.ia for some lignites to r.6l fur some anthracites, whilst the specific gravity 
of bituminous coal ranges from 1.25 to 1.3 ; the former figure having been used as the basis f.ir 
the for<^oing method of approximate estimate. 

Evidently this rule applies equally to ores by merely altering the figures for specific gravity. 

GAS COAL. — A good gas coal should yield 10,500 cubic feet of 16-candle gas and a 
ver)- good gas coal 10,500 culiic feet of 17-candle gas. The sulphur should not exceed ■ per 
cent, nor the ash 5 per cenL The yield of coke of good quality should be from 65 to 70 per 
cent. As is well known the cannel coals are the most valuable for gas making. 

COKE. — The Iwst cc)ke is obtained from bituminous coal of the "caking" variety. It is 
clean, crystalline and porous, and is formed in columnar masses ; the colour is a steel grey, with 
a metallic lustre and a metallic ring when struck. 

If the coal posses.ses less than 3 per cent of free hydrogen it is unfit for coke making, at least 
4 per cent is required to produce good cuke. If rough small coal is used for coke making, the 
difference in the qualilv of coke made from washed and unwashed coal is very largely in fevojr 
of the former. 

The I iimpiiMtion of Durham coke \-aries within the following limits — Carl>on, 85 to 91 per 
cent ; .sulphur 0.25 ti> 2.3 per cent ; ash 4 to t2 per cent ; whilst the purest coke known con taitis 
carbon 97,6 |)er cent ; sulphur 0.85 and a^ 1.55 per cent. 

DEPRECIATION OF MACHINERV.—Some authorities hold that if machinery is 
well maintnini'f! out of revenue, an all-round chaige of five per cent, per annum suffices to 
cover depreeiatinn and wear and tear. \'ery much depends on the class of machinerj- and 
the manner in nhii-h it has been npheld, as will be seen fi^)m the following table which was 
based on exijfricnre with railier antiouated niachinerv. 



R.1IC 


x-r amuuii f.>r 


Deprecialio 


. ' Wear and Tear. 


Total. 








i 3 °L 


9 % 


iiollc 










Ma<)i 




l\"L 


\vL 




Shifl 


IK, gearnig, etc. 


4 V. 


1 ^VL 


6i 7, 




j; lK.-lts ... 






45 /, 
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NOTES ON RAILWAYS. 



Weight of rails ... ... ... lbs, per j'ardj 56 75 Ss 

ContraCtionundertemperaturcsfrum5°above to 20° below zero, inch! 3/i6 1/8 i/io 
Expansion under temperatures from 5° above to 70' above zero, inch! 1,12 1/16 1/17 

COST OF MAIN LINE RAILWAYS IN GREAT BRITAIN.— The eapiial 
cost is staled by Sir Dougla.s Kox in his Presidential Address (Inst. C.E.) to range from Hhmii 
ji630,ooo per mile in London, to an average of £s2,yiS per mile in the United Kingdon 

taking a (airly representative ---'"- -■■ — - -'■-'-- ----- '---- ' -• •■ ■ 

toTistructed in recent years, a 
mile worlt out somewhat as foiiows ; 

Land and compensation 

Ftl.cing 

Earthworks ... 

Tunnels 

Viaducts 

Bridges for roads 

Accommodation works 

Culverts and drainage... ... . , 

Bermanenl v/ay, including ballast, main line 

Junctions and signals ... 

Stations, including buildings (roadside only) 

Contingencies, including pa.r1iamenlary, admin islra 

engineering expenses 
Maintenance ... 



APPROXIMATE COST OF INDIAN AND COLONIAL RAILWAYS. - 

The average cost of railways in India is stated by the same authority to he ^8,127 per mile, am 
jCi.iOO to .^3,500 per mile in South Africa and South America, or wilh e(|uipmenl, 2^4,001 
per mile — " a rate at which, in new countries and under fairly normal conditions, railways ca. 
Ije provided suitable for a speed of 30 miles per hour, and for heavy trains." 

AMERICAN AND ENGLISH RAILWAYS.-' 

.Slates (1899I a^regate about 186,000 miles in length, wilh a c 
and gross earnings of ;(^i, 300 per mile. 

In Great Britain there are about 22,000 miles of railway, which have cost about ^£45,000 
per mile, and earn about ^£4,000 per mile. 

This relation of the earning capacity of English and American railways is very generally 
overlooked, but it has a very powerfiil influence upon statistics which have reference lo 
<lividends and financial returns." — The Engineer. 

) feet wide, requires about 17 cubic 

PERMANENT WAY MATERIALS.— The following weights are given ?■; 

sufficienlly accurate for approximate estimates of the quanlilies required for double irack 
lailways of British main line type : — 

Weight of rails, lbs. per yard " 3| = Tons per mile; 

„ chairs, about ... ... ... 152 ions per mile. 

iipike.s „ ... ... ... 9 

„ fish plates, about ... ... 14 ,, 

„ fish Ifolts and nuts, aliOHt ... 4 
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COST OF LABOUR IN WORK OF CONSTRUCTION.— This unknown 

quantity (in the absence of accurate information) is often regarded as perplexing, but the writer 
has invariably found that, in estimaling the cost of labour in carrying out works in any country. 
(he practice of the late Mr. Brassey was singularly accurate, even when the pay of natives 
employed on earth-works did not exceed ij- per day, and that of erectors, etc. was not 

Mr. Brassey found that the total cost of labour for completing a given quantity of 
vmrl; — irrespective of local rates of wages — so nearly equalled the amount the same work woald 
have cost if^canied out in Great Britain, that he adopted average British prices for labour as 
standard rates when estiinalii^ the cost of works lo be executed in all parts of the world. 

The explanation of this apparent anomaly is that the British workman gels through far 
mote work without the expensive supervision and incidental expenses which must be incurred 
where the native who — individually — does so little, is employed. 

RAILWAY MAINTENANCE.— A singular confirmation of the experience just 
referred lo is obtained by comparing the labour charges for railway maintenance respectively in 
Russia and in the United States of America. 

Cost of mainteiuuice. — In Russia, the number of men employed is I7-2 (lei mile of line 
working. The average rate of pay is £^2 ss. per man per annum, and the total cost is 
^581 8s. per mile per annum. 

In the United Slates, the number of men employed is 4-95 per mile of line working, and 
the total cost is ^557 8s. per mile per annum. 

We thus see that the cost of maintenance is practically equal, notwithstanding the large 
difference in the rates of pay. 

THE WORLD'S RAILWAYS.— The aggregate capilal invested in the worlds 
railways is jf6. 532,339. 200 of which no less than ^3.634,022,800 has been invested in 162,225 
miles of European railroads, which have an average capital of .£23,918 per mile ; while the 
average of 263.356 miles in Ihe other parts of the world isj£n,oo6 per mile. As there arc 
65.000 miles who^e capital is not reported, we are safe in assuming that the world has 
i 7, 200,000,000 invested in its railways.— fji^Vwir. 



GAUGES OF RAILWAYS. 



The following table of gauges of 
information, for most of which the write 
of the respective countries. 

The laige figures (thus I-m. 435) always indicates 
gauge, or gauges, are operated in the country referred 

Small local, Funicular and privati 



EtlROPKA 

Great Britain— 4-ft. SJ-ta. and 2-ft. 
France- i-m. 435, 4-ft- %-">. and Metre. 
Germany— i-m. 435. 
Hungary— I-m. 435 and Metre. 
Holland— I-m. 435. 

Norway— I-m, 435, i-m. 067 and o-m. 750. 
Denmark— 4-ft. SJ-in. 
Turkey in Europe— 4-ft SJ-in, 



Queensland— 3-ft. 6-in, 
Victoria— 5-ft. 3-in. and 2-ri. 
West Australia— 3-.t 6-in. 
—3-ft. 6-in, 



e miles of this than of the other 
recorded. 
Railways. 
Ireland— 5-ft. 3-ii). and 3-ft. 



Russia— 5-ft. 
Austria — i-m. 435 and Metre. 
Italy— I-m. 435 and Metre. 
Belgfium — i-m. 435 and Metre. 
Sweden— I-m. 435, i-m. 188 to o-m. 600. 
Switzerland— I-m. 435. 
Greece— 4-fL SJ-in. 
Canadian Railways. 

New South Wales— 4-ft SJ-in. 
South Australia — 5-ft 3-in. and 3-ft. 6-in. 
New Zealand— 3-ft 6-in. 
Intercolonial Railways- 5-ft 3riii. to 
3-ft. 6-in. 
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Queensland to Adblaide. 






^m^ 


New South Wales Oennings to Albury via Sydne)') „ 4-ft. SJ-in. „ 


li76 


Victoria (Albury to Serviceton via Melbourne) „ J-fl. 3-111. 


477 


South Australia (Setviceton 10 Adelaide) ., J-ft. 3-in. 


196 


Total 


.782 m 



Cftnada— 4-(t. 8^in. 



Nov« Scotia— 4-ft SJ-in. and 5-ft. e-in 



North and Central American Railways. 
United States of America— 4-fL Si-in. Mexico— i-m. 435 and o-m 



Guatemala— 3-ft 6-in. 
Venezuela— Metre and o 



Costa Rica — Metre. 
Cuba— 4-ft. BJ-id. 



South American RArnvAVs. 



Brazil— 3-ft 6-in., s-ft. 3-in., Metre, 3-ft, 
Al^^tina— 5-ft fi-in., 4-ft. SJ-in., Metre. 
Chili— 5-ft 6-ill,, Metre, 2-ft. 6-in. 
Paraguay- S-ft fr-in. 



Umgniay- 4-ft 8J-iiL 
Pern- 4-a SJ-in. 
Bolivia — 2-ft 6-in. 
Nitrate Railwaj- 4'ft SJ-in. 



^ypt-4-ft Si-itL, 3 ft. 6-in. 
Natal and South Africa— 3-ft 6- 
Coi^o— (^m. 765. 
Sierra Leone — 3-ft. 6-in. 



British India— 5-ft 6-in., Met 
Bunna— Metre. 
China— 4-ft S^-in. 
Java— 3-ft 6-in, 



Akrican Railways. 

Soudan — 3-ft 6-in. 
Rhodesia— 3-ft 6-in. 
Lagos- 3-ft 6-in. 
Sekondie-Coomassie- 3-ft. 6-in. 

) Oriental Railwavs, 

Turkey in Asia— 4-ft 8i-in. 
Ceylon— 5-ft 6-in. and 2. ft. 6-in. 
Japan— 3-ft 6-in, 



Gauge of rails 


4-ft. 84-in, 


5-ft. 3-in. 


metre 


Single line- Minimum width of bank 

Usual widlh of bank 

Width, ordinary culling, excluding 
side drains ... 


<7-ft. 

22-ft, 

16-ft. 


18-ft, 
20-fl. 

18-ft. 


1 4-ft. 
l6-ft, 

14-ft. 


Double line-Minimum width of bank 

Usual width of bank 

Widlh, ordinary cutting, excluding 


l8-ft. 
33-ft. 

27-ft. 


30-ft. 
34-ft. 

30-fi. 


26-ft, 
28-ft. 

26-ft. 


Ballast- Minimum width at top 

Deplh huloiv sleeper 


1 1 -ft. 


10- ft, 6-in, 
8-in. 


7-ft, 6-in, 
6-in, 


Sleepers— Mininmu. length of cross sleeper ,„ 
Miiiimum number per mile 
Usual number per mile ,,. 


9-ft. 
1760 


9-ft. 6-in. 
'936 


6-ft. 
.760 
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NOTES ON TIMBER. 

There are so man}' text l>ook$ which deal specially with all kinds of limlieT in general 
use that it would l)e superfluims (even if limits of space permitted) to atlempt to deal with 
ihe snhject exhaustively, bul the folloiiing brief notes relating to Australian limbers may 
l« uiteful. 

SIZE AND GROWTH OF JARRAH AND KARRI TREES.— Owing t.i 
various circumstances, principally perhaps on account of facilities for shipment, these two are liy 
far the hest known of the 600 species of timber trees which flourish in Australia and the supply 
is practically inexhaustable. 

Jarrah. —These trees can lie obtained in large quantities up lo Z2 feet citcumference near 
10 the ground, the first branch often being at a height of about 80 feet. 

They attain a circumference of about two feet in two years and are fit for the sawmill in 
40 to 50 years. 

KofTi grows to very large size, but trees 4 feel diameter at 4 feet from the ground and 120 
to 150 feel to the first branch are commonly met with. 

The trees attain a base diameter of z feet and a height of about 150 feet in 30 lo 40 years. 
/. .4. .McDonald. 

COMBUSTIBILITY OF JARRAH AND KARRI TIMBER. -In test.s 
recently carried out by the construction of a warehouse floor these timbers were used for 
supports, beams and floor boards carrying a load of joo-lbs. per square foot. 

This structure was subjected to a fire test for two hours, the temperature being gradually 
increased to 2000° Fah., with the result that although the (ire broke through the floor boards 
towards the end of the operations, the beams withslood the strains and continued to support 
Ihe \oaA.—{EHgiHier). 

STRENGTH OF JARRAH AND KARRI TIMBER.-The following results 
deduced from careful tests of lai^e beams by Mr. J. A. McDonald, M, Inst. C.K., are 
interesting because they are greatly at variance with those olitained by Mr. Fernow, with 
American timber, mentioned further on, and even with Professor Warren's deductions from 
tests made on small beams of Australian timber. 

The tests were made on beams, iz inches by 1 
with the result given below, M,R. representing Ihe 
of transverse elasticity, both in pounds per square inch of ai 



Jarrah 


... M.R. 8,828 lis. 


M.E. 


2,426,659 lbs. 


Kam 


... M.R. 7.895 It*. 


M.E. 


3,168,355 lbs. 



Margins of safe^.— In his opinion (unless alternations of stress are very rapid) a faclor 
of safety of 4 is ample, instead of the &ctor of 10 usually provided, and no doubt fixed to cover 
contingencies of which, at that time, little was known. 

Small beams.— From experiments made by Professor Warren, M. Inst. C.E., he deduced 
a modulus of rupture of 12,000 lbs. for Jarrah, and lO.ISO Ihs. for Karri, or about 40 per cent, 
higher than those oblsined by Mr. McDonald with large beams. 

STRENGTH OF TIMBER BEAMS.— Extensive tests, made by .Mr. Fernow 
(U.S. Depattmenl of Fore.stry) lo ascertain the cross breaking strain of timlier, show thai lai^e 
Iwams arc as strong, or stronger, than is indicated by small specimens cut from them. 

Tliis is attributeil to the fitct that slraighl grained limber being the exception rather than 
ihe rule, a relaliwiy larger proportion of fflires are oblique to the axis in the small specimens 
than in hn^e litams, and hence do not represent the actual strength of the tjmlier. (.See also 

TEST FOR TIMBER. -The sujierior quality of timber felled in winter (Oclolier 
to April) is aitributablc Lo the presence of panicles of slarch which are not found in summer 

e and obseiving 
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SPARE PARTS FOR ENGINES AND MACHINERY.— The following 
details for parts of engines and machinery which have (ailed from all causes — including careless- 
ness — are abstracted from an interesting report recently presented by Mr. Longridge M.Inst. C.K. 
[a the Engine, Boiler, and Emplnyers' Liability Insurance Company {Limited). 

This careliilly compiled list of parts which have failed is valuable asindiciting the directions 
in which efforts for further improvements in construction should be made, as well as the provision 
of spare parts to replace those most likely to fail. 







During 






During 
.898!- 


previous 
16 years 


Total, 


Valves and valve gear 


33 


ni 


456 


Air pump buckets and valves ,. . 




209 


Spur gearing 


19 


408 


427 


Cylinders, valve chests, and covers 




83 


95 


Air pump motions ... 




251 


262 


Columns, entablatures, bedplates and pedestals ... 




'74 


184 


Parallel motions, links and guides 


8 




130 


Main shafts 




'17 


125 


Connecting rods 
Piston roti crossheads 




34 




7 


51 


S8 


Pistons 


6 


58 


64 


Air pumps and condensers 


6 


42 


48 


Flywheels ... 


5 


45 


50 


Governor gear 




59 


63 


Crank pins 


3 


30 


33 


Bolls ... 




'45 


'47 


Piston rods 




47 


48 


Gudgeons in beams .. 




25 


26 


Beams and side levers 








Cranks 




33 


33 


Total wrecks, cause unknown ... 




6 


6 


Second motion shafts 




3 


3 


Main driving ropes and lx.'lts ... 





3 


3 


166 


2368 


2534 



Defects in gearing.— Mr. Longridge also points out that troubles arising from defective 
gearing have largely decreased since rope driving and the substitution of steel for cast iron 
geared wheels has become more general. The use of machine cut teeth also tends in the same 
direction. 

LIFE OF INDIA-RUBBER.— Rubber subme^ed in water, or stored in a dark room 
of lairly even temperature, retains its properties for many years, but it cannot be expected to do 
so when continuously exposed to the sun's rays. Or when ased^as in lubes — for carrying steam 
at a pressure of $Ci-]bs (or more) per square inch. 

RUBBER STEAM TUBE.— A detail often overlooked is the position of the shut-off 
valve. If this is fixed near to the machine to be operated, when the valve is closed the whole 
of the tube is exposed to the heat and full pressure of steam and variations thereof, all which is 
avoided, and the life of the tube indefinitely increased, if the valve is at the end nearest 
the boiler. 

The manufacturer is blamed for the fiiilure of materials used under the above-named and 
other improper conditions, although the trouble is due to needlessly continuous exposure to heal 
which causes the rubber to lose its pliability and, in a comparatively short time, becomes brittle 
and useless ; and the lower the quality of rubber the sooner this happens. 

The prices of rubber tube will be found in Section III. 

QUALITY OF RUBBER.- Low price is often r^arded as more imporlant than 
high quality, but experience shows that, for nearly all mechanical purposes, gocd rubber is the 
most economical ; also, that if properly tised and not in contact with oil or grease, it will he 
reliable for years. The low qualities, however, deteriorate rapidly under continuous use. 
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STATISTICS OF CHAIN ACCIDENTS.-A report of the Inspector ..( 

Factories shows that 115 fatal accidents and 459 non-fetal accidents occurred in 1899 at 
Docks, Quays and Wharves, and the opinion is expressed that further and more systematic 
precautions ^ould be taken in maintaining chains, ropes and machinery in efficient condition. 

Those only who are familiar with the mode in which work is carried on in water-side 
premises can appreciate the difficulties in their management, and the reference at page 230 to the 
' ' 1 long before the above-named report was 



MACHINE ECONOMIES. 

MACHINE AND HAND LABOUR.-The following data relating to the sa%ini; 
affected by the use of machinery in the operations referred to serves to indicate the vast pn^cs^ 
made since 1850. The information is (for the most part) abstracted from a report issaed bv 
authorisation of Congress (U.S.A.) 

Saving: in labour. — As little or no skilled labour is required to work most of the machines 
mentioned, to arrive at the total saving effected by the use of machinery, the saving in aniouni 
paid in wages must be added to thai due to accelerated speed of working. 

Com.— To produce and harvest an acre of corn in 1850 required iSzj hours of lal)our. 
The same work is now done by machinery in 27 hours. 

In 1830, harvesting an acre of wheat required 64 hours laliour ; it can now lie done in 
three hours. 

to harvest an acre of hay. Tlie same work is now 

Brick-making.— About 1000 bricks a 
The same quantity is produced by machine in 
I rain pipes, tiles, etc. 

Carpet weaTing'. — In 1850 4'04 hours hand labour were required to produce one square 
-ard of Brussels carpet. It is now turned out by power looms at the rate of one square yard 
n half-an-hout. 



low produced by machinery with 52J hours labour. 



Cotton spiiuung and reeling.- The ratio in favour of the machine is about 200 to 1 in 
spinning ; in reeling it is about 350 to i. 

Cotton weaving. — The advantage of machine over hand labour varies from about 
II to 30 to I. 

Bolt and nut making. — The gain in speed of production is about 8-6 to 1 in favour of 
machine work, the quality being improved. 

Wood sawing. — A modern saw-mill turns out boards in about i-6othof the time required 
for conversion by hand sawing, and with much less waste. 

Rock drills, driven by steam or compressed air, will put down 30 boles 2\ inches diamelei 
and 18 inches deep in granite in less than 15 hours, whilst 8g hours would be required to 
perform the same work by hand. 

Lifting machinery. — An ordinarily efficient steam, electr 
very little space, will perform identical work at 1-IOlh of the ci 

The same (or even higher) ratios may be applied for mining and many other operations, 
but accurate data relating to the extent of reduction in cost and the increase in speed of lifting 
and transferring large masses of materials, can only apply to individual operations. 
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MEMORANDA RELATING TO WATER. 

One cubic foul of waler »» 6J gallons. 

An imperial gallon of water at 62 degs. Faht. weighs lolb. avoirdupois. 

Gallons multiplied by "16045 — cubic feet. 

Cubic feet multiplied by 6*132 = number of gallons. 

Gallons multiplied by 277*274 ~ cubic inches. 

Cubic inches multiplied liy -00360 ^ number of gallons. 

Cubic feel of ivater x 62-35 — number of pounds weight. 

Pounds of water multiplied by ■0160 =^ cubic feet. 

Gallons of water >■ "0044 ^= number of tons. 

Tons of water x 223-897 = gallons of water. 

Cubic feet of water x 35-92 = mimber of tons. 

Tons of water x -02783 = cubic feet of waler. 

A cubic foot of waler weighs alxiut 62-5 pounds. 

A cubic foot of water contains about 6'25 gallons. 

A ton of water contains about 35-9 cubic feet. 

A column of water produces a pressure in pounds per square inch equivalent (approit-J 
10 half the height in feel. 

Water is at its greatest density when at a temperature of 39'1 degs. Fahr. Water exrands 
as its temperature is increased above 39'l degs. The rate of expansion above 212 degs. Fahr. 
is unknown. Each degree of difference in temperature of feed water to a boiler makes a 
difference of -00104 '" 'he amount of evaporation. 

A column of water 1 foot high = pressure of 434 lb. per square inch. 

A pressure of i lb. per square inch ^ column of water 2-31 feet high. 

One gallon = 4'S43 lilres. 

A miner's inch = approsimately I03 cubic feet of water per hour, and the cost is usually 
about lod. The term, however, which is used in California, is very elastic. 

One litre of water = -22 gallon. 

One cubic metre of waler = t,ooo kilos. 

One cubic metre of water = i,0DO litres. 

One cubic metre of water = I ton (approx. ) 

One kilo, of water = 2'204 lb. 

One inch of rainfall = one gallon of water spread over a surface of nearly two square feeU 

One inch of rainfall = about 100 tons per acre. 



Inches of rainfall > 



2323 = cubic feet per square mil' 
iBijuiHEn TO R*isK Water 1 



Gallons of water raised per hour ... 


20f> 






fiSO 


Sn.) 


1000 


Height of lift for one man working on crank in feet ... 














Height of lift for one donkey working on gin in feet . . . 






72 


S6 


4S 


^0 


Height of lift for one horse working on gin in feet ... 


0(0 


iS7 


2S2 


i<* 


IS4 




Height of lift for one horse-power steam engine in feel 


990 


56: 


396 


30S 


242 


.98 



The forgoing table is based on the assumption that a good class of treble or double-barrel 
lift pump is used, with valves in the buckets, and an addilioiial retaining valve for lifis 
above 100ft. 



277 



I'I'LEBY'S HANDBOOK OF. MACHINERY. 



RELATIVE VALUES OF STEAM, ANIMAL, AND MANUAL POWER 
IN WATER LIFTED.— The subjoined figures will enable anyone to estimate the ponei 
required for raising a given quantity of water, and— by reference to the descriptions of various 
types of pumps ^iven in Section III. — to determine which of the appliances are best adapted 
tor the work to be performed. 



It one horse. powi 
lo feet, and so o 



foot ir 



ootor) horse-power, a: 



is well known, is 
perial gallon of w 
heighl of one fot 



lal to rating 33.000 lbs 
weighs lo lbs. it follons 
r 330 gallons to a height 



One horse about 
One bullock about 
One mule or pony 
One donkey 



The speed of working is usually from 2( 
power exerted on the handle being 15 to 25 It 



,.,3,500 to 4,O0D 
ly, but may be expected to range from z.ooo I 

30 revolutions of the handle per minute, tli 

■., also vary widely, and 25 per cent, (at leaii 



t by the melhods comu 
IS been ascertained by Mr. J. C. Fell lo be as follows : — ■ 

Hand labour at wages iS/- per week 

Horse power, man at 18/- per week 

Gas engine driving with gas at 4/- per thousand cubic feel 

Steam pump and boiler with coat al 20/- per ton 

Oil engine worked by oil at 7d. per gallon 
Electric motor with current from a lighting dynamo 

T^e hydraulic rata is, however, the cheapest and most durable water i 
itive powers are waterwheel and windmill, if ihey can be provided 






RAINFALL AND TEMPERATURE IN GREAT BRITAIN.-The figure, 
in the following table present (air aver^es of atmospheric conditions in this country, and niav 
be useful for comparison with current weather ; 



MONIHS. 


Tt«PS..Tl.-Bl!, i HAINF.LL, 


r>E59U>E. 


wmn. 


SL'NSHmE 


























If- 


Noveml>er 


5°! 1 6 above 


!■„..«. 


o-l6 less 






SW 


""7 


December 


43 1 I „ ,23 6-22 


2 03 more 


zg'S, 


004 below 


S 


16 




44 3 .. ' 2S V26 


'■32 „ 


29 '83 


nil 


WAS 




February. 




D ; 4-18 


•09 - 


29-34 


0-33 below 


NW 


27 




41 2 „ 


7 'SO 


1 16 less 




O'ZI above 


N*E 








S 1 2-.2 






nil 






May 


50 1 1 Ul^Iow 


S *-42 


0'32 more 


29-92 


0-04 below 




37 






i 2-92 I070 ., 


29-8Q 


0-05 ,. 




34 






1 above 


7 '69 


I -30 less 


29'95 






42 


August..,. 












o-o6 „ 


WNW 




September 


ss 


2 above || 








o-o8 „ 


w*s 






51 






o-OI more 


29-87 


005 „ 


* 


30 
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INFILTRATION. — The subjoined table gives the results of Mr. Dickenson's observa- 
)ns. extending over eight years, where the soil was sandy gravelly loam overlaying chalk. 

The rainfall during the above-named period was below the averse, so that the figures do 
It quite coincide with those in the preceding table : 



«..,.. 


Me»™ fill 
inch«! ■ 


"-"sr- 


„™.,.... 


November, December and January , , . 
February, March and April ... 

May, June and July 

August, September and October 

Totals 


7-325 


6370 

IX 
.■805 


86.9 

58-0 

a 


26*614 


M !94 


424 



EVAPORATION.— The mean daily evaporation in England is 'oS- inch, or mi 
jo per cent, of the rainfall, but the rate of the evaporation varies with the distric 
;onsiderably greater in undulating rocky districts than in level country. 



storage in England, but a loss ol 



t. should be allowed for overflow of storm water. 
n average, 3*44 of solid n 



WEIGHT OF WATER.-Sea water conli 
but it varies considerably, the water of the lied Sea 
Baltic S per cent. 

The weight of a cubic foot of average sea water at the standard 
its specific gravity, compared with fresh water, is 1026 lbs. 

The following table gives the weight, volume, etc. of fresh water at the four principal 



ning 43 per cent, and that of the 
;raturc is 64 llis., and 



Condition of WaKr. 


Temper.... 


Weight. 


"•""='' 


■"h^""" 


gSl: 


"ibi '" 


Cubic in. 
lbs. 


^'™"" 


CuSic 


inchM. 


Freezing point under 1 atmosphere 
Point of maximum density 
Point of British standard of weight 
Boiling point under I atmosphere 


.12° 
39' 

62" 


16-66° 


62-418 
62-425 
62-355 
59-640 


■03451 


•5779 
■5780 

■5773 
■5522 


-01602 1 

■016037 
■016770 


27-684 
27-680 
27-712 
28 '978 



It may be here remarked that the standard used in France for comparing the specific 
gravity of solids is pure water at its maximum density, or 4° centigrade ; this should not be 
overlooked when using French tables of specific gravities. 

PIPES AND CONNECTIONS.— The pipes should be of ample diameter, in 
proportion with their length, to minimise the loss in friction, and for the same reason sharp 
liends or inequalities should — as far as possible — be avoided. If inequaUties in levels are 
unavoidable, a valve or cock will be required at the highest point to allow imprisoned air 

SUCTION PIPES.— It is well known— but by no means always remembered— that 
the so-called "Suction" is due merely to the pressure of the atmosphere which, at sea level, .is 
14-7 lbs. per square inch, or equivalent to a column about 30 feet high, so that the foot of the 
suction pipe must always be immersed, and (allowing for possible lealuiges) must in no case be 
more than 27 feet from lowest water level for lai^e pumps and less than that for small pumps, 
the height being reduced in proportion, with increase in temperature of the water beyond about 

is'. When boiling point (212 ) is reached, the water must flow freely into the pump with a 
ead of not less than two or three feet. 

If the suction pipe cannot be carried vertically from the pump to the water, it should rise 
gradually and be provided with a foot valve. A strainer is obviously desirable, unless the water 
is exceptionally free from floating matter. 
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Where a "Sumph" cannot be provided of sufficient depth to allow stones, sjnd and 
debris to settle below the intake lo the pumps, it should be protected by a box, which nill 
muntain a fairly undialiirbed surface around the suction pipe. For large pumps an arrangemcni 
similar lo that indicated in Fig, 1626 (Section 1) may be adopted with advantage. 

JOINTS OF PIPES AND CONNECTIONS.- These should be carefully made 
Ui guard against leakage of air and water. Much loss of lime and labour may lie avoided if 
pipes are thoroughly lesled when laid, and before they are covered, 

AIR VESSELS AND STAND PIPES are necessary adjuncts for equalising (be 
flow of water. The stand pipe which is open lo the atmosphere at the top, eflccltially Imiiis 
Ihe pressure in the rising main to that due to the height of the stand pipe, 

VELOCITY OF WATER IN PIPES.— This queaiion U largely afTecied by ihe 
conditions fulfilled by the pump. From 2 to 4 feet per second is a convenient velocity fur 
comparatively small pumps which are in constant use, whilst for a centrifugal pump (especially 
if worked intermit tenily and discharging at or near the pump) a velocity uf 10 to iz feet per 
second, although not economical, is not at all exceptional. See table pages 285 and zS6. 

FRICTION IN PIPES i. 

as the square of the velocity of the flov 

CAPACITIES OF PIPES.— These are given in detail in the table pages 286 to 2SS. 
but a useful note for approximate calculation is, that a pipe one yard long holds about as many 
lbs. of water as the sum of the square of the diameter of the pipe in inches. 

HAND PUMPS.— The principal features in hand power pumps are that the bucket and 
valve shall be, as far as possible, indestructible, and shall free themsehes easily Irimi 

An experience of half a century indicates that the Appleby valve for small sizes (up i" 
aliout 5 or 6 inches diameter), and the ordinary weighted leather flap for laiger sizes, best fiillil 
the alx)ve-named conditions. 

COST OF INSTALLATIONS FOR WATER POWER.— The works requia^ 
to convey water to and from the Turbine has cost as much as ^^40 per horse power developed, 
but the average will be /^lo to jC>5- 

COST OF WORKING BY WATER SUPPLY.— With an efficient instalkti™ 
of 100 horse power, or more, working day and night, the cost is not more than £2 per hor* 
power per annum. — Addeiitroat. 

WATER SUPPLY PER HEAD OF POPULATION.— This varies in Great 
Britain between 50 gallons per head of population per day in Gla^ow, and 15 gallons in Durham. 

The late Mr. Hawksley stated that 15 gallons per head per day was sufficient supply fiff 
residential districts, and experience shows this to be ample, provided that pipes and fittings arr 
well attended to, and leakages stopped as soon as they occur. 

If, however, water is required for manufacturing purposes, the above-named supply will, 
necessarily, be inadequate. 

FLOW OF SEWAGE.-One of the difficulties incidental to sewage disposal is 
the constant variation in the quantity and quality passing through the sewers during the day. 

The mazimiun flow is (in England) usually about to to 11 a.m. and 3 to 4 p.m. when 
the quantity is eight to ten times the minimum at about midnight, hence the difficulty in 
determining the dimensions and gradients of sewers. 

The separate system mitigates the above-named difficulties and deserves careful 
consideration. 

WATER SUPPLY.— The quantity of water consumed per day naturally \-aries wiili 
the trades carried on in the district, but examination of Ihe consumption in many localities 
indicates that 20 gallons per head, per day, is ample for domestic purposes. 

If water for trade purposes is included, 40 gallons per head, per day or more may U- 
consumed ; it is usually supplied by meter. 

TOWN WATER SUPPLY, — One cubic foot per second will supply 25,000 
inhahilanis with 20 gallons of water per day, aftci allowing 7i per cent for waste. 

FILTER BEDS.— The rule adopted by the late Sir Robert Rawlinson provides that 
sand filter beds should not have to filter more than 50 gallons of water per 24 hours for each 
sii!)crri,i.il foot of s.iiid siirfsL-e, 
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COVERED STORAGE RESERVOIRS.— Protecting Ihe surface of the water 
from the heat of the sun minimises evaporation, and — by excluding light — prevents the growth 
of algoe, which spoils the lastc and appearance of the water and, al times, renders it unusable. 

Brick, tile, and concrete have been used for covering reservoirs, but wood planking aboul 
I -in. thick provides the necessary protection and has proved quite satisfactory. 

The planking is secured to a framework of limber joists supported on water pipes of 
2-in. diameter, coaled with asphalt, and spaced about iS feet apart longitudinally and i6 feet 
transversely. The lower ends of the pipes are embedded in Ihe concrete with which the 

The cost of covering a reservoir of 11,000,000 gallons capacity and 166,00a square feet 
area of roof is about 2i8d. per square foot, including all charges for materials, labour, and 
engineering. 

The timber used was Oregon pine, and cost £'^ 15 o per 1000 feet, B.M. 
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GAUGING WATER SUPPLY.— The quantity of water passing in a given time can 
tie ascertained, approximately. l>y the well-known rule relating to discharge through orifices, 
tiut less accurately than by the notLhed weir, or tumbling bay, represented by Fig. 5177. 

THE NOTCHED WEIR or TUMBLING BAY.— This must be wide and deep 
enough to pass all the water to be measured. The bottom board B is level and is fixed at a 
height which will give a fall of not less than six inches on the down stream side ; the top edge 
of this board, as well as the vertical edges of the notch, are bevelled from the upstream side to 
present a sharp edge on that side, a^ shown at A, and Ihe structure is made water tight with 
puddle. A stake is fixed about 6 feet above the wetr, level with the top of the longitudinal 
board B, and the dotted lines C and D represent respectively, the level of the water when 
liasaing over the weir and that of the surface, etc. The measurement between C and D 
represents the number of inches flowing over the weir ; (his, multiplied by the number of inches 
l>etween the notches, and by Ihe proper figures in the following table, gives the number of cubic 
feel of water delivered per minute over a weir of any length. 



INFORMATION RELATING TO PUMPING PLANT. -Thisshould 
I. A reference to illustrations in Section III., or description of 
or — failing that— details of the conditions under which it is 
low coat or highest efficiency is the important consideration. 



Section III. , or description of the installation required, 
>nditions under which it is to be used ; also whether 



te of fluid to be raised. 

J. Drawings or sketches with figured dimen»ons showing the position of the pumps 
relatively with the suction water level, and the height from it to the point of discharge. 

4. If steam is to be supplied from existing boilers, the minimum pressure available 
should be slated, and the distance between boilers and pumps. 

5. If boilers are required, the type will be conveniently defined by leference to 
Section I, of this Handbook, or failit^ that, information should be given with 
r<^rd to fuel, difticuUies relating to transport (if any], Ixiiler setting, Ac. 

6. If the pumps are driven from an existing motor or shaft, the speed of the driven shaft 
should be stated, and the restrictions (if any) to the diameter of the pulley. 
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Table for Estimating the Cubic Feet per Minute per Inch of Length of Weir. 



D^pTh 


FRACTIONS OF AN INCH. 





i 


i 1 1 


i 


1 


i 


i 





.01 


.05 


.09 


.14 


20 


,26 


-33 






-47 


.:li 


.6s 


■74 


-83 


■?■' 


1.03 




1.14 


1.24 


1.47 


1-59 


r.71 


T.83 


1.96 


3 


2,09 


J. 23 


J-36 


-,& 


2.63 


2,78 




3- 07 




3.22 


3-37 


m 


r.i 


3-99 


4,16 


432 


5 


450 


4.67 


5.01 


5-.36 


1. 54 


S-72 


6 


5'9o 


6.og 


6.18 


6.47 


6.65 


t,,8s 


7,05 


7.25 


7 


7-44 


7.64 


7.84 


8.0s 


8.25 


.I'A 


8,66 


8.86 


8 




9-3» 


9.52 


9-74 


9.96 


10.40 


10.62 


9 


io!86 


ii.oS 


11.32 


11.54 


11.77 




■ 2.23 


12.47 




12.71 


13-05 


13-19 


13.43 


■3.67 


'393 




14.42 




14.67 


14.92 




15-43 


15.67 


■5.96 


16! 20 


16.46 




16.73 


16.99 


17.26 


17.52 


17.78 


18,05 


18,32 


18.58 


13 


18.87 


19-14 


19.42 


19.69 


19.97 


20,24 


20.52 




»4 




2'.37 


21.6s 


21.94 




22.51 


22,79 


23.08 


',i 


23-38 


23.67 




24.26 


24,56 


24-86 


25,16 


25.46 


25,76 


26.06 


26.36 


26.66 


26,97 


27.27 


27.58 


17.89 


■7 


2§.20 


28.51 


28.82 


29.14 


29-45 


29,76 


30.08 


30-39 


i8 


30.70 


3' -02 


3'-.34 


31.60 


3'-98 


32.3' 


32,63 


32.96 


19 


33-29 


33-6i 


33.94 


34.27 


3460 


34.94 


35-27 


35- 60 
38.3' 




35-94 


3S.27 


36.60 


36.94 


37.28 


37-62 


37.96 




38.65 


39.00 


39.34 


39.69 


40.04 


40.39 


40,73 


41,09 




41-43 


41.78 


42-13 


42.49 


42,84 


43.20 


43.56 


43-92 


23 


44-28 


44-64 


45.00 


42.38 


457' 


46.08 


46.43 


40.81 


24 


47.18 


47.5s 


47-91 


48.28 


48.65 


49.02 


49.39 


49-76 



NOTES ON WATER POWER. 

EFFICIENCY OF TURBlNES,~The conditions under which Turbines of different 
types give the best results are referred lo at pages 84 lo 88 of Section I of this series, so that it 
will only be necessary to mention here, that the efficiency usually ranges from 60 to 80 per cent. 
of the water power supplied to them. 

If the most suitable construction is adopted, an efficiency of about 75 per cent, may there- 
fore be expected. 

Informatioii required.— In the absence of specific instructions details of construction, 
information should be given with reference to. 

The niiniinuin horse-power required. 

The number of cubic feet of water permanently .ivailable and the free height of fall. 

The manner in which the tail race water will be carried away. 

EFFICIENCY OF WATER WHEELS. 

out by M. Poncelel and M. Morin, this ranges fror 
from the different forms lieing : 

Overshot wheels 6q to 80 pei 
wheels 27 to 30 per cent. 



Breast wheels 45 tc 



t. and undershot 
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Fig. 5178. 

TURBINE AND STRAINER.— Fig. 5178 represents a type of low fall turbine 
which admits of the imtnersion of the discharge outlet, in the tail race, with corresponding gain 
in power developed, and suitable for many conditions. 

The strtuner arrangements have been completely snccessfiil in preventing refuse matter 
from reaching the turbine, and serves to indicate a construction which can be carried out 
by any carpenter. 

Power developed. — The following table, calculated on an efficiency of 75 per cent., gives 
the quantity of water in cubic feet per minute required for each horse power, when acting under 
different falls ; for instance, if any available quantity of water be divided by the cubic feet 
required per horse power with a given fall, (as ascertained from the table), the quotient will be 
the horse power at command. Or conversely : with a given head, any proposed horse power 
multiplied ay the number of cubic feet required per horse power (taken from the table 1. will give 
the number of cubic feel per minute required to produce the proposed horse power, with that 

Number of Cubic Feet required per H.P. per Minute. 



Head 
in Feet. 







2 


3 


4 


5 


6 


7 


8 


9 


20 
30 

40 
SO 
60 

70 

90 


71 

35-5 

14-2 
789 


710 
64-5 
33-S 
21 '9 
173 
139 
ir6 

'877 
7 -So 


355 
59-3 
32 ;3 

16-9 
137 

9-86 
8-66 
7-72 


237 
54-6 
30-9 

134 
113 
972 
8-SS 
7-63 


.78 

29-6 

T, 
I3-I 

9-59 
8-45 
7 -53 


142 
47 "3 
28-4 

Tsi 

129 
109 

9 '47 
8-35 
7 47 


118 

44'S 
273 
197 
I5'4 

lU 

9-34 
8 '25 
7-39 


417 

26-3 

19 '2 

I5'i 

I2-S 

IO-6 

t" 

732 


39 '5 
i4;8 

724 


78-9 

37*4 

%l 

HS 
10-3 
899 
7*97 
717 


Head 

in Feet. 





10 


20 


10 


40 


SO 


60 


70 


80 


90 


300 

E 

900 


7 
3 


55 

11 

888 
788 


229 
■73 

11 

'■877 
780 


5-73 

y^i 

'■(^ 
1*37 
I-I4 
■986 
■866 
772 


546 
3-09 

"4 

"■J4 
113 
■912 

:?J1 


5 


08 
96 

?, 
31 

959 
845 
755 


' 


^4^ 
03 
5« 
29 
09 
947 
835 
747 


4-43 
273 
1-97 
''54 

;:3 

■934 
■825 
•739 


' 


'7 
63 
92 
51 

25 

06 

t" 

732 




95 

48 

04 
911 
806 
724 




74 
45 

45 

03 
899 
797 
717 



»83 
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CAPACITIES 9F RECIPROCATING PUMPS.— The following table giv« 
the approximate theoretical duties of single acting pumps (one barrel) up to 24 inches diameter, 
when woiking at given speeds and lengtlu of stroke, and furnishes the data for readily ascertain- 
ing the capacities at other speeds and lengths of stroke. 

For double Acting; and double barrel piinqis multiply the figures hy two. 

For treble barrel pumps multiply the figures by three. 

For losses due to frictioii, wear of packings, etc. a deduction should be made of not 

less than 10 per cent. 

Capacitibs ok Pumps is Gallons per Hour. 



Length of Stroke. 




3 inches. 


6 inches. 


Strokes per minute. 


10 


20 30 40 


10 20 30 40 


I-in. diam., i^Uons per hour 


1 


ro 1 IS 


» 


lO 


20 


30I 40I 


li-in. .. ., .. 


.6 1 24 


32 


16 


3^ 


48 


64 


ij-in. 










22 34 


44 




44 


66 














40 60 


So 


40 


80 




160 


l4-in. 








3* 


64 , 96 


128 


64 


128 


192 


256 


3-m. 








46 


92 138 


184 


92 


■84 


276 


368 


34-in- 








62 


124 1 .86 


248 


124 


248 


372 


496 


4in. 








8[ 


162 . 243 


324 


162 


324 


486 


648 


«i-in. 








•oi 


206 309 




206 


412 


618 


S24 


5-in. 








126 


252. 378 


504 


252 


504 


756 


1008 


6.in. 








182 


36* i 546 


728 


364 


728 


1092 


1456 


7-in. 








Z49 


498 747 


996 


498 


996 


1494 


1992 


S-in. 








32s 


650 1 975 


1300 


650 


1300 


1950 




9- in. 








412 


824 1 "36 
loiS isz? 


1648 

m6 


824 
1018 


[648 
2036 


2472 
3054 


3196 

4072 


12-in! 








732 


1464 1 2196 


2928 


1464 




4392 


5856 


I S-in- 








1145 


^290 3435 


4SSo 


2290 


4580 


6870 




i8.in. 








1645 


3296 4944 


6592 


3296 


6592 


9888 


13184 










2250 


4500 6750 


9000 


4500 


9000 


13590 


18000 


24.in. 






29,p 


5860 1 8790 


11720 


5860 


11720 


17580 


23440 





Capacities 


F PL 




Gal 




R Hour (C 


«ri»«rf>. 




Length of Stroke. 




9 inches. 




12 inches. 


Strokes per minute. 


10 


20 30 


40 


10 20 30 40 


l-in. diam., gallons per hour 


15 


30 


45 


^~Z 


20 


40 


60 


80 


M-in. ., 


24 


48 


72 


96 


32 


64 


96 


1 28 










33 


66 


99 


132 




88 


132 


176 










60 




180 


240 




160 


240 


320 










96 


192 


28S 


384 


12S 


256 


384 


Siz 


3 in. ■ 








'38 


276 


414 


552 .84 


368 


552 


736 


3i,-i"- 








186 


372 


55S 


744 1 248 


496 


744 


992 










243 


486 


729 


972 


324 


648 


971 


1296 


4i-in. 








309 


618 


927 


1236 


41Z 


824 


1236 


1648 


5-in. 








378 


756 


i'34 


15'2 


504 


1008 


1512 


2016 


S-in. 








546 


1092 


.638 


2(84 


728 


1456 


2184 


2912 










747 


1494 


2241 




996 


1992 


2988 


3984 


a-in. 








975 


'950 


2925 


3900 1 1300 


2600 


3900 5200 


9-in. 








.216 


2472 


3708 


4944 ' 1648 


3296 


4944 . 6592 










1527 


3054 


4581 


6108 2036 


4072 


6io8 , 8144 










2196 


4392 


6588 


8784 2928 


5856 


8784 ,11712 










,3435 


6870 


'0305 


13740 1 4S8o 


9160 


13740 118320 


iS-in. 








4944 


9888 


14832 


19776 6592 


■3184 


19776 '26368 










6750 


13500 


20250 




i8o«> 


27000 I36000 


24-in. 








8790 


■7580 


26370 


35160 11720 


23440 


35160 46880 



APPLEBY'S HANDBOOK OF MACHINERY. 



LOSS OF HEAD IN FEET DUE TO FRICTION OF WATER 
IN PIPES PER YARD RUN. 



INCHES. 




ri 


2 


21 


3 


3i 


4 


5 


6 


7 


8 


9 


.0 


.2 


'4 


16 


IS 


CALLS. 












^ 






















fllliuTE 






































■013 


•003 




























10 


•411 


■054 




■004 




























IS 


■926 




■029 


■009 


■004 




























1-64 


■216 


■051 


-016 


•006 


W-0^2 
























30 


3.70 


■487 


•I'S 


■037 


•01s 


■007 003 
























40 




■867 


■20s 


■067 


■027 


■012 1 -006 






















IS 




i'35 


■321 


■105 


■042 


■oigl'oio 


003 






















'■95 


■463 


■IS" 


■060 


■028 


■014 


004 


-002 1 


















g 




2-65 


■630 


-206 


■083 


;o38 


■019 


006 






















346 


■823 


-269 


■ro8 




■C25 


ooS 


•003 




::: i ::; 














90 






1.04 


•341 


■137 




■032 




■C04 
























1-28 


■42 [ 


.69 


-078 




013 


■005 




















130 






'■85 


'606 


■243 




•0S7 


Dl8 


■007 


003 






'.'.. 












•£ 






2-52 


■82s 


■332 


■IS3 


■078 


■02s 




004 






















3-39 


107 


■433 






■033 


.013 


006 


-003 
















180 


... 






.■36 


■S49 


■^53 


■131 


042 


•017 


008 


■004 
























i'68 


■677 


■313 


■160 


X 




009 


;oo5 
















250 








263 


i-os 


■489 


■251 


■°33 


o'S 




■004 


■003 












300 








379 


152 


70s 


■361 


118 


■047 






■006 


■«H 












350 










2-07 


■960 


■492 


161 


■065 


030 


•015 


■008 


■005 












4C0 










271 


I 25 


■643 




■084 


039 






■006 












450 










3-43 


■ -S8 


?'J, 


266 


■107 




■02s 


■014 




•003 










s; 












I-9S 




329 


■132 




■031 


■017 




■004 


















2-82 


1-44 


474 


■190 


088 


■045 


■alS 


■014 


:S 








700 












3 '83 


1-96 


64s 


•259 




■061 


■034 




-003 






800 














2-57 


842 


■338 


156 


■080 


-044 


■026 




•004 






900 














3-25 


-06 
•31 


■428 
■529 


,98 


■;°5 


:g 


■033 
■041 


■013 

■oi5 


■006 
■007 


■C03 
■004 


^ 


1250 
















206 


■827 


38^ 




■109 


-064 


■026 




■006 


■003 


1500 
















2-96 


119 


55' 




■156 


■092 


■037 


■017 


■009 


■OOS 


1750 


















r62 


75° 


■384 


■213 


■126 


■050 


■023 




■006 


2000 




















97 


■52 


■27 


■164 


■066 


■030 


■01 s 


■008 


2500 


















3"30 


■53 


78s 


■435 


■257 


■103 


■047 


■024 


■013 


3000 






















i'i3 


■62 


'370 


■148 


■068 


■03s 


■019 


3S00 




















:« 


i;53 


■853 


■S04 


■202 


;o93 


■048 


■026 


4000 


























■658 


264 




■062 


■034 


n 




















... 


3"'4 


174 
250 


[^ 


■4' 3 
■595 


■191 
■275 


-098 

■141 


■m 


c 
























3 ■4' 


2-63 


■810 
I '05 


s 


-192 
■251 


■107 
■139 


9000 


























3-33 


'■33 


■619 


■3'7 


■176 


















... 












1-55 


■765 


■392 


■217 


12500 




























2 '58 


I-I9 


Vj 


■339 


15000 




























372 


172 


■883 


■419 


20OOO 






























3 -06 


1-56 


■871 


25000 






























2-45 


1-36 


30000 




























3 53 


,.96 
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HEAD OF WATER IN FEET, 

EQUIVALENT PRESSURE PER SQUARE INCH, AND 

VELOCITY OF EFFLUX IN FEET PER SECOND. 





PRESSITRE 


VELOCITY 




PRESSURE 


VELOCITV 


FKKT. 


sgu!Re?NCH. 


PER ^SECOND. 


feet"! 


SQUARE ISCH. 


PER?Bt-osr,. 


o 


I 


O'043 


2-54 


70 


30*' 


67-1 






0-086 


3 59 


75 


3'-25 


%i 




3 


©■I 29 


4-39 


So 


34 4 




4 


0'172 


■ 5'07 


85 


3655 


74 




5 


;:a 


S-67 


90 


387 


76-1 




6 


622 


95 


40-85 


78-2 




7 


0301 


67 i 




43 


8o-3 




8 


0344 


718 




47*3 


84 


0-9 


O'P? 


7-6i 




5' -6 


87-68 




°'t^ 


5-03 


125 


5375 


89-7 


^ 


086 




130 


55*9 


91-5 


3 


■ ■29 


"3'9 


140 


6o-2 


94-7 


4 


172 


.6'o6 


150 


64*5 


98;3 


s 


i-iS 


179 


160 


68-8 




5 


^■58 


'9 


170 


73' 


I04S 


7 


yoi 




[80 


77 '4 


107-2 




344 


227 


190 


817 


MO-4 


9 


3-87 


241 




86 


"3-5 




4-3 


25-4 


235 


9675 






473 


266 


250 


107*5 


:26 




5-'6 


27-8 


375 


■'7-25 


'33 


13 


s;s9 


28-9 


300 


129 


139 


14 




30 


325 


"43 


144 


■5 


6-4S 


311 


350 


'50-5 


150 


i6 


6'88 


321 


375 


16. 25 


'55 


'7 


7'3i 


33' I 


4C0 


172 


160 


i3 


774 


34 


425 


"8275 


:6s 


19 


8'.7 


35 


450 


'93*5 


170 




860 


35*9 


475 


204-25 


174 


25 


1075 


40-1 


500 


215 


179 


30 


12-9 


43 


525 


125-75 


1S4 


35 


15-05 


47-4 


550 


236-5 


iSS 


40 


17-2 


507 


575 


247-25 


192 


45 


■9*35 


53-8 


630 


258 


197 


50 


2[-S 


567 


625 


268-75 




55 


236 


59*5 


650 


279-5 


204 


60 


25-8 


62-1 


675 


290-25 


208 


65 


279 


<i4-75 


700 


301 





For pressures due to other heads, alter the decimal point as necessary. 
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VELOCITY OF WATER IN FEET PER MINUTE 

THROUGH PIPES OF VARIOUS SIZES FOR DIFFERENT 

QUANTITIES OF FLOVI. 



MtNLPTF 




INTERNAL DIAMETER OF PIPES IN 


INCHES 




1 1 I 


u 


14 


' 


■1 


3 


4 


5 


218 


122i 


784 


544 


3»4 


>9l 


'31 


n 




436 






109 


61 


38 








653 


3674 


23S4 


"634 


9H 


581 


40J 






872 


490 


3'4 






78 


54 


3oi 


25 


1090 




39^4 












30 




73S 


45' 


327 




"7 






35 




857S 








136! 


,S* 


S3i 


40 






628 


436 


a44 






45 




11024 


7o6i 


4904 


■741 


■751 


12.4 


69 










s;* 










75 






"774 


4571 


291I 


2024 


"5 
















270 
















487! 


3374 


'91* 


ISO 










915 




405 




175 










10674 


68,J 
780 


47*4 
540 


SI 



QUANTITY OF WATER PER LINEAL FOOT IN PUMPS 
OR VERTICAL PIPES OF DIFFERENT DIAMETERS. 



ORPn'L'' ""*" 


Tkc^^t. une 


aT'foot.'' 


oi^'puirp' 


Tl^ons per 


'£l?™ 


2 


136 


02(8 


8 


2'i76 


■3490 


^i 


172 


■0276 


8* 


2'3I4 


■37 '2 


*4 




0340 


84 


2-456 


■3940 


2i 


257 


0412 


&i 


2-603 


■4175 


3 


306 


0490 


9 


27S4 


■4417 


3i 


359 


0576 


9i 


2909 


-4666 


34 


416 


0688 


94 


3068 


'4923 


3i 


478 


0766 


_9l 


3-232 


■S'84 


4 


544 


0872 




3400 


■5454 


4i 


6.4 


09S5 


loj 


3-572 


■5730 


44 


688 




104 


3748 


■6013 


4i 


767 


1230 


loj 


3'929 


-6302 


s 


850 


1363 




4-114 


;6S99 


si 


937 


1503 


"i 


4'303 




54 1 


028 


1649 


114 


4-496 


-7212 


5J I 


124 


.803 


Jii 


4-694 


7529 


6 I 


J24 


1963 




4-896 


7853 


6i 1 


328 


2130 


I2i 


S3' 2 


■8521 


64 


436 


2304 


"3 


5746 


■9217 


6i I 


549 


2489 


'3i 


0-196 


■9939 


7 I 


666 


2672 


14 


6-664 


I -0689 


7* 


787 


2866 


IS 


7-650 


1-2271 


74 


912 


3067 


16 


8-704 


1-3962 


7S 2 


042 


3275 


18 


l[-oi6 


1-7670 
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COMPARISON OF THERMOMETERS. 



c 


r 


R 


C 


F 


R 


C 


F 


R 


C 


F 


R 


lOO 


Z12 


80 


69 


1562 


55-* 


38 


1004 


30-4 


7 


44-6 


5-6 


99 




79-2 




154-4 


54-4 


37 


98-6 


29-6 


6 


42-8 


4-8 


98 


108-4 


78-4 


67 


15^-6 


53-6 


36 


96-8 


28-8 


5 


4' 


4 


97 


206-6 


n't 


66 


iSo-8 


52-8 


35 


95 


28 




392 


32 


96 


204-8 


76-8 


&S 


149 


S* 


34 


93 -a 


27-2 


3 


37-4 


2-4 


95 


ao3 


76 


64 


147 -2 


51-2 


33 


91-4 


26-4 




35 '6 


1-6 


94 




75-2 


63 


145-4 


So-4 


52 


89-6 


25-6 




33-8 


■8 


93 


199-4 


744 


6z 


143-6 


49-6 


3' 


87-8 


24-8 




32 




9i 


197-6 


73-6 


61 


14 L -8 


48-8 


30 




24 








91 


195-8 


72-8 


60 


140 


48 


'^ 


84-2 


23-2 










194 


73 


59 


138-2 


47-2 


28 


82-4 


22-4 




+ 30-2 


- -8 




192-S 


71-2 


58 


'36-4 


46-4 


27 


80-6 


21-6 




+ 28-4 


— 1-6 






70-4 


57 


1346 


45-6 


26 


78-8 


20-8 


- 3 


+ 26-6 


— 2"4 


87 




69-6 


56 


.32-8 


44-8 


15 


77 


20 




+ 24-6 


— 3-2 


86 


186-8 


68-8 


55 


'3' 


44 


24 


75-2 


19-2 


- 5 


■1-23 


— 4 


85 


"85 


68 


54 


129-2 


43-2 




73-4 


18-4 


- 6 




— 4-S 


84 


183-2 


67-2 


5! 


127-4 


42-4 




71-6 


17-6 


- 7 


+ 19-4 


— 5-6 


83 


lSl-4 


66-4 


52 


125-6 


41-6 




69-8 


16-8 


-8 


+ 17-6 


-6-4 


S2 


179-6 


65-6 


SI 


123-8 


40-8 




68 


16 


- 9 


+ 15-8 


— 7-2 


81 


177-8 


64-8 


50 




40 


19 


66 -J 


15;= 




+ 14 


— 8 


80 


176 


64 


49 




39-2 


18 


64-4 








— 8-8 


79 


174-2 


63-2 


48 


118-4 


384 


17 


62-6 


i3-6 




+ 10-4 


-9-6 


78 


172-4 


62-4 


47 


116-6 


37-6 


16 


60 -8 


12-8 


-'3 


+ 8-6 


— IO-4 


77 


:7o-6 


61-6 


46 


.14-8 


36-8 


15 


59 




-■4 


+ 6-8 




76 


168-8 


608 


45 


113 


36 




57 a 




~i5 


+ 5 




75 


167 


60 






35 '2 


■3 


55 4 




-16 


+ 3-1 


— II-8 


74 


165-2 


59-2 


43 


109-4 


34-4 




536 


9-6 


-17 


+ 1-4 


-13-6 


73 


1 63 '4 


S8-4 


42 




33-6 




5.-8 


8-8 


-18 


— '4 


—14-4 


72 


161 -6 


57 '6 


41 


105-8 


32-8 




50 


8 


-19 


— 2-2 


— 15-8 


7' 


159-8 


S6-8 


40 


104 


32 


9 


48-= 


7-2 






—16 


70 


1S8 


56 


39 




3' -2 


8 


46-4 


6-4 









TO CONVERT DEGREES, CENTIGRADE OR REAUMUR, 
INTO DEGREES FAHRENHEIT. 



: 5(F - 



F =-2?L + 32° = C + R 
± R - 4 (F - 32) 



Example. — To convert 75° Centigrade into Fahrenheit. 

J- ^ (9 " 75> + 3^ . iTS .^ 3^ = ,6^. 

To convert 113° Fahrenheit into Reaumur. 

R , 4 l"3 - 32) ^ 324 = 36. 
9 9 

Freezing Point, or 32° tah. = Zero in Cent, and Reaumur. 

Boiling Paint, or 212' Fah. = 100° Cent, or 80° Reaumur. 
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ELECTRICAL MEASURES AND POWERS. 

IS relaling to electrical energy, may be useful 
VOLTS, POTENTIAL, OR ELECTRO MOTIVE FORCE (E.M.F.) 

as commonly used as equivalent terms signifying pressure of currenl, ajid convey the same 
idea, as lbs. per square inch when dealing with steam pressure. 

CURRENT OR AMPERES indicate the quantity of electric current transmitted 
by a wire or cable, and conveys the same idea as gallons of water, or cubic feet of gas passed 
through a pipe. 

OHM is il 
"frictionalloss" 

WATTS represent the product of current in Amperes and pressnre in volts, thus : 
lOO Amperes at 210 volts = 2I,000 Watts, and serves the same purpose in calculations for 
electrical transmission of energy, as foot-pounds do in estimating horse power. 

KILOWATT (K.W.) is 1000 Watts, or about ij horse-power. 

BOARD OF TRADE UNIT, written B.T.U. or Unit, each representing electrical 
energy equal to 1000 Watl-hours. 

EFFECTIVE HORSE-POWER OF MOTORS.~The efficiency of the motor 
at the point at which it b worked having been ascertained, the effective horse-power is 
obtained by multiplying the volts and amperes, as measured at the terminals of the motor, and 
dividing them by 746, the whole being then multiplied by the efficiency. 

Thus, supposing the efficiency = 90 per cent, and the motor consumes 100 volts and 
50 amperes, effective horse-power = ^^"^^-^ x 90 = (say) 603 horse-power. 

POWER OF DYNAMO.— 746 Watts = i eleclrii 
figures an<i assuming an efficiency of 80 per cent, we b 
H.P. of the Dynamo. 

DRIVING POWER REQUIRED.— The brake H.P. of engines being usually 
10 to 15 per cent, less than the indicated H.P. the engine to drive a dynamo producing the 
above-named 3518 brake H.P. should develop about 40 indicated H.P. 

CONTROLLERS.— The two principal types of controllers are based respectively 
on metallic and liquid resistance. The former is undoubtedly the most suitable for regulating 
the speed of Motors and — for that reason — is principally employed by the writer's firm. 



Metallic Controllers. — A very large area of metal with high metallic n 
large cooling surface, is compactly arranged in a frame Ton one face of which is a switch-head 
with regulating handle. The resistance is divided into a convenient number of steps each slep 
having its corresponding terminal on the fice of the switch. By moving the handle over the 
terminal points, the requisite resistance is put into the motor circuit and the speed of the motor 
I hereby regulated. 

CONDUCTORS.— The conditions under which current is most conveniently conveyed 
to motors vary considerably, but one or other of those now referred to, will probably be suitable. 

Orertaead wires with collecting trolley, are quite satisfactory for most machines, but 
less 50 for Cranes with long jibs on account of the great height of the trolley wire above 

The conduit system is usually best adapted for supplying current 10 Cranes with high 
jit)S, and specially to those which have electric travelling niolion, the current being conveyed 
to the motor by cables passing through the central pivot. 

Auxiliary rails laid between the track rails are sometimes used, as indicated in 
'' ig- 50321 but this system cannot be advocated if the voltage is high, and the conductor rails 
cannot be completely protected. 
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FRACTIONAL PARTS OF A YARD AND FOCI WITH 
EQUIVALENT DECIMAL PARTS. 



1>E 


CIMAL 


T"c™rr 


vALo. '•;,^;^i^^i^^i ,';*"">■■"- 


PART. 


A VART,. 


A FOOT. 


■oji 


A 


li 


"'T' 


■062 


A 


»J 


) 




093 


A 


31 


U 




125 


i 


4» 


■i 




■ 56 


A 


51 


li 




1 87 
217 




6J 

7i 


"1 
2| 




250 


^ 


9 


3 




2S1 


A 


•ol 


3J 




312 


A 


■■» 


3i 




34.1 


i4 


■ o| 


4i 




375 


i 


. i( 


4t 




405 


tI 


1 2f 


4l 




437 


tV 


■ 31 


SJ 




468 


ii 


1 4i 


51 




Soo 


4 


I 6 


6 




S3' 


H 


■ 71 


61 




56. 


A 


1 8i 


« 




592 


« 


■ 9i 


7i 




624 


1 


I i-t 


74 




656 


H 




7i 




687 


H 


. of 


8i 




7 '8 


ifS 


» li 


!« 




750 


} 


a 3 


9 




78. 


U 


' 4i 


91 




Sl2 


it 


1 SJ 


9» 




843 


H 


! 6i 


'Oi 




874 


S 


" 71 


loi 




906 


« 


■ !S 


■oj 




937 


K 


I 9f 


"J 


■968 


« 


2 loj 


'" 



FOR DECIMAL EQUIVALENTS OF i INCH see table, Inches^ Mi Hi meires. p. 299. 
DECI.MAL KQUIVALKNTS OF POUNDS AND OUNCES (AVOIRDUl>OIS). 



Ounce ... ... i 1 J 

Decimal of Pound ... ojl '047 


■063 1 -.25 


-,'.8 


4 

■250 


5 1 6 1 7 
■312 1 -375 1 -438 


Decimal of Pound !., -500 


9 
•563 


■62s 


■61^ 


■750 


■8?2 


14 15 16 
■S7S 1 -938 1 I 
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DISTANCES AND TELEGRAPHIC RATES 
BETWEEN LONDON AND OTHER PORTS. 

Where there ate two sailinj" routes, or two routes and rates for telegrams, both are given, 
that standing first being the more largely used. 

Rates for British Ports are left hiank, these being subject to the ordinary Inland 
rate of fid. per 12 words, and one halfpenny for each additional word. 



-The 1 



icd. reckoned a 



the r 



1 the 



.ISTANCE 


NAUT.CA., 


TELK^RAHS 


DISTANCE F«O«LO»Q0» 


NAUTICAL 


TELEGH*.,^ 














AberdMi 


43S 




Lisbon 


1,059 


3Md, 


Ad«n 


MflflSl 










Uefiaf 




lI^^S" 


347 




Alcxandna 


SOTS 


2? 


VKlras 


UlS) 


2/6, &'8 


Anwerp" 




Zd. 




1 8:7»7l 




Archang.1 


2226 


a^d 










{llf^} 




MalB 


5:S 


5« 


Barbados 


sm' 










Barcelona 


19U» 


SKd. 6'id 




dig) 

4.887 


3/- 210 




{.?^J 








Basahai 




m 3fl 


New York 


3.245 

i»:48o 


3!S. 3/6 


Bordeaux 


flW 


°d. 






biid. 


B0S.01. USA 




1/ 


Olago 


12;i90 


m.m 




(!;|) 


S 2flO 


Pekm (GizlO 


{ IBMO } 


m 


Bns.ol 






Peroainhu™ 




8/- 


BuenosAyrts 






Plymouth 






Cadiz 


132- 


*t.d 6541 




(11,8171 
1 13,081 f 

(,!,S) 

2,930 




Caliilta 
Canion 


{||i 


2/B se 


Quebei. 


S;C, 3/4 


Cape of Good Hope 
Cape Horn 




* 


Rangoon 




2,8, 3,10 


CiSff 


















Ro<Hrdjn, 






Culomlffl (CeyLon) 


uw 


2/7 S» 




13.670 


1/8' 




^iZ' 


eijd Ud. 


Shanghai 




6/8 


Copenhagan 




3d. 


Shew 














2.027 




SSt"" 


8^ 


V 


Sngapore 


'■Is' 


8,fl, 3/4 


Duidtc 






Si Helena 






Ferret 


"85 


1«d. B«d 


51 Jago(CapeVarde 






Ficemantle WA 


{11 6^1 


3, 2/10 


Sl'lohnffiewtoundlatid) 
St Peleishurg 


K.B73 


lA 


Funchal (Madeira) 








6«d. 


GibraLlar 




3«d. 




1,108 


sSd. 


h^.STns 


2f^ 




Sydney 


{ISS) 




Hamburg 






Te enffe 


1,730 












9 071 




Hohar. To» 


IllwU 


J 210 


\ raCr ! (Me«ILO) 




2'8 


Hong kont 


(,!»' 


S/6 


Walerford 


^i 


1/B 


iang».onUM« a) 




w 




{ll:|} 


6.2, 7/9 


{-rF 


''413 


6« 


" 







APPLEBY'S HANDBOOK OF MACHINERY. 



















i - 




1 


:i|;: 




1 1 ! 


1 


1= 

R-2 


i = 

■a. 

IF 


1 "! 
1 il' 








* "Er 










S pJ 




















Q 


< 

% 


.j4i 


III 


1 1 1 


1 1 


1 : 
E 




Ml 

■3. ■^'^ 


< 


















Q 
















^ i^ 


















- hS 






i 1 ' ' 


il • 






a* 




1 -^1 






is|«,S| 


•SE-S. 






?'a 




>, <- 


v: 




-•S"IS. 










i *i 




















U 














S. B.^ 


p 


^ 




1 


1 


=1 


11 


i 13 = 


















w 














K a|.' 




! -3 










< 
> 


1 


ml 

-5J,| 


li 


1 1 


1 1 1 




■ - 
pit 


1='*' 


ID 




« s 










Si<ll 


















X 


1 


U ■■■-■-' 1 = = 


l = = 


t 


S . 


«^ 


iilJ^ 




1 


tU 


si = 


?s 


Wli 
















D s «■= ■ 






















2| 


.: i7 


IT 1 


II! 


i J 


I.I 








's 






isss 


m 


1 


'it 


lists 
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THE METRIC SYSTEM of weights and ir 
undernamed countries, and the equivalent values of their c 
follows:— 

Relative value of Currbnt Coins. 



....T.K.XA,..«t>COLO..K. 


I POUND STG. (£) 


I SHILIIN-O (IS.) 


ArcentLne 


Mj dollars 


56 cents. 








Brazil 


3011 millereis 


I mr. 505 reis 






1-26 francs 




151 dollars 




Denmark 


18-22 krone 










Holland 


i2-Ioi florin 


0-60 floriu 


Italy 


27.15 lire 










Norway 


18-22 krone 










Portugal 


6-55 millereis 




Roumania /,. 


25-00 francs 


1-25 francs 


Spain 


31 pesetas 


1 -55 pesetas 
091 krone 






Switierland 


25-24 francs 




Uruguay 


4-70 dollars 


23i cents. 



BRITISH COINAGE AND STANDARDS. 

GOLD COINS (22 caral) contain 9166 parts of gold and 83-4 pam of silver, therefore 
alxiut giejrds fine and costs j£'3 17s. lojd. per ounce Troy. 

20 lbs. Troy of standard gold is coined into 9344 sovereigns, therefore i 01. Troy of pure 
gold is worth ^'4 4s. I ijd. 

SILVER COINS (925 fine) contain 925 parts of silver, and 75 parts of copper, and 
1 lb. Troy is coined into 66 shillings or other silver coins representing a value of £^ 6s. 

The price of silver has ranged from about 45/- per lb. Troy in 1891 to less than 
24/- per lb. in 1902. 

BRONZE COINS contain 95 parts ol copi>er, 4 of tin and 1 of zinc, and I lb. Avoirdupois 
is coined into 40 pence or So half-pence. The price of copper varies very widely. 



Stan I 



I Weight, Etc. ok Current Coins. 



n„o.„„,o.. 


'grains' 


— 1 




M/M. 




Gold 




i 


22-22 


Half Sovereign (10/ 


1 


6i'63r 
436-364 






Crown (5/-1 


Silver 


■i 


38-09 


Half Crovm (2/6) ,, 










Florin (2/-) 






'.', 


28-57 


Shilling(l/-) 




87-273 i 41 


23-81 


Sixpence (6d.) 




43-636 ! ? 




Threepence (3d.) .. 






15 -88 


Penny (Id.) 


Bronze 




30-16 


Halfpenny (id.) .. 




72-916 1 I 

1 


25-40 
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SPECIFIC GRAVITIES, WEIGHTS AND 
PROPERTIES OF MATERIALS. 

The following tables of weights per cubic foot of different materials will be useful in 
estimating cost of freight, the power retjuired for hoisting or hauling given quantities of (hem 
and for other purposes. 

In estimating cost of freight, it should be remembered that materials weighing less than 
56 lbs. per cubic foot are carried at measurement rates (usually) 40 cubic feel = i ton. 















.„....,. 


""■" 


'¥& 


^■!™ 


"W 


# 


METALS- 














S-68 










AntimonT, Cast 












Ar«nic 






■W8 








B«i 






32fiO 




B™""c4st . 






■SOS 






Brass Wi« .. 




Ml' 


-SOT 












■MT 






cX"cast;: 






-882 






Copper, Casl 




M3' 








Copper, Sheet 












G^^iTPuri". 
















-7 






























Guniaetal 












Iron, Wrough.{Bi.r),. 










»8000 


Iron, Swedish 








70000 




ilSil.'S:, :; 






■asB 






L«tl, Ca» 












Lead,Sheec 












M«eury, Solid 












Henniry, Fluid 












Nickel, Out 












PUiinuia, Pure 






-706 








WS9 




-ran 






Silv.r,Pure 
























Silver, Standard 


10-63 


6W4 


381 






St«l, Tempered 












Sleel, Soft .. 




489-6 


■ass 






Sleel, Puddled 








eooM 




Tin,fc«« 






■862 






Type Melul 


I0;45 


M?-' 




s- 




STONES, EARTHS, &c.— 
























Borax 


Tu 




















two 


BrickwocliinMorar'! 






OSS 






Brickwork in Cement 












Concrete,_Ordinaiy . 


1-9 






















Cement, Poriland 






























092 






Clny 












Coal 




Hi- 




















Cn.l°er«Sio.ie 
























riini 


16 


IM- 


W4 






Freestone 


2-46 






















Granite (mean of fonriwn «.r.s) 






ow 






Grindstone 












LiKKSIone 


a 1,4 


184-1 


■11 




aoootosooo 
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PROPERTIES. &c. OF MATERIALS— fo«A«H*a'. 







WEIGHT 


WEIGHT 


TENACITY 


CKUSmKO 


MAfERlALS. 


"""■"■ 


""£\i" 


CDBE INCH 


PEHayUARB 


™" 














M.rble (mun of ninciwn ion.) 














2-*8 




■089 






PM-'Hard :: 




831 








Porphy.y 


















■033 






Prtid. Si"n« 












Rag Slope 














1-98 


123« 


■071 






Sal." "". :: 












Sand 












Ssndilonc 




IM- 


-089 








ll 






9000 


11000 






157-5 








Stone, Portland 




laoi 








iSuVN..i« ;; ■■ 


21B 


127-1 


•ros 






Sulphur, Mtlied 


IW 




U72 






WOOllS- 












Acagia and Orange Tree 












Ash and Danl.iQ Oak 




60- 


■02» 






B«ch 




438 






9000 


Birch, Common 


















-027 






























Cherry Tre.:: 


■715 










Cork 












Deal, Chriiibna 




«■ 








Dea), Memel 


■39 










F.booy 
























Fi^ New England v. 












Rr, Riga, .nd Maple 












Fir, Mat Fotesr .. 












Hornbeam 


■76 


IT- 


1»7 






Lignum Vila: 




B3^3 








Miogany, Spanish V. 


1b 




i 


16000 


8000 












Oak, Canadian 


■87 


H-i 


^)32 




eooo 


n.k, African 


■98 




■086 






Oak Adriatic 












Pe^Tree 


■646 


to-t 








Pine, Red 








12000 




Pine, Yellow 












Poon and Haul 


-8 


37i 








Poplar 




ZB'5 












M-9 








T«k, Moulmiin 


















DM 






Willow '.' 




864 




8000 




Yew 


■798 




■028 






GASES, LIQUIDS, &c.- 
























A».igGa. 




■074 








CMhonic Acid Gai . . 


•00182 










Muriatic Acid Gas .. 




-one 
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PROPERTIES, &c. OF MATERIALS— c<wfA(flfe./. 





ffBCiFlC 


";s',.v 


""ur.^;/ 






'" "^ 


'" '■"^ 










Nitric Acid Gm 










««7S 


■172 




Hydrogen Gm 
















AciS'^«r^ 


i'dss 


68-1 


-0S8 


Acid, MuriMig 


1-K 




IMS 


Add, Nitric 








Add! Sulphuric '■'. 

Alcohol, Absolute 


if 


116fi 


■066 

■oes 




49« 




Alcohol. Hinhljr R«tified 


■m 


SI'S 




Alcohol of Commtrce 


«»7 




■OS 










B«r ■.."• 


1DS8 


64^ 


■0S7 


Cyder 


1-018 






Eiher, Acetic 


-etie 






Ether, Muriatic 


■73 


45fl 


■026 


Ether, Sulphuric 




48« 


■027 




lim 






CTitrfAniKeed :: 




81-6 




OilofC.rr.iir.y!«.d 






■033 


Oil oT Ciniuu.^ 






-038 


OS of LMTCTidir 


W4 






Oil of Unseed 


■MO 


68^8 






■BOB 






OiiofOi'i™ 








Oil of Turpenlirv 


■sr 






OilofWh^e 


■92S 






Vintiar 




63-1 




W.ler, Distilled 








Witer, Sea 








Wine, Champag.i.. 


.S 


ee'4 


«w 


Wioe, M.deriB 




<I37 


Wiue, Port 


W7 


62-3 


Wl« 


RESIN, GOMS. »c. 








AiutetidB 


1-328 




■048 


Ashphaltum 




56' 


am 


Bees- Woi 




60^4 




Bone of an Oi 








Butter 








aur- 


«39 
1«7T 


WB 


^ 


F« 








Garuboge 




76-4 




Gum Arabic 




eo« 




Gum. An,moni.c 


1-207 






Gum L.C 


















1746 


1001 




Gutta Percha 


flS 




■036 


Indi|S 


■769 


48'1 


«28 


India Rubber 




68-4 










■066 


I™rd'' °", 


■MB 


59 -S 




Madder Root 




47-8 




Opium 








Sandarac 




63-S 


-036 


Spennaati, 


1«M 


68 ■» 


U34 


Taflow .."* 






■08+ 


Tar -, 






■ose 




■ear 


56-1 
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APPROXIMATE EQUIVALENT OF METRIC AND BRITISH 
MEASURES AND WEIGHTS, &c. 



I Millimetre 

I Kilometie 

I Mile 

I Kilometre 

1 Square 

I Square 

I Square 



1 Cubic yard 
I Cubic foot 
I Litre 
I Gallon 
I Cubic foot 



■039 (about ^'^) inch. 

a-54 (about aj) centimetres. 

3 ft. 3J inches (about i -^ yards). 

*6ll4 (about g) mile. 

I 609 (about 1 3 1 kilometre. 

'54 knot (nccud or nautical mile). 

1-852 kilometres. 

'155 square inch. 

6451 (about 6^) square centiuielres. 

I ■196 (about ll)sq. yards, or lojsq. feet. 

■836 (about f) square metre. 

.093 square metre. 

4000 square metres. 

2'47 (about zt) acres. 

1*31 (about I J) cubic yards. 

764 (about J) cubic metre. 

■0283 cubic metre. 

'2Z0 gallons (about ij) pints. 

454 (about 4i) litres. 

28-3 litres. 



I Ounce troy 

I Pound avoirdupois 

1 Kllogrmme ... 

I Kilt^ranime 

I Cwt. 

I Foot pound 

I Kilc^rammetre ... 

t Atmosphere (pressure) = 

I Pound per square inch 

ip..».re) ... . 

I Pound per square inch 
(pressure) 



■03s o 

'065 grains truy. 

15-432 grammes. 

3l'l03 grammes. 

■454 kili^rammes. 

I'jo^ (about 1^1 pounds 

50-8 (about Sllkilc^ra. 

■138 (about ^) kilc^E 

7 233 (about 7j) foot pounds. 

1470 pounds. 

■068 atmosphere. 

07 kilos per square centim 



15J Ei'^ins avoirdupois. 



Nii Metric ^ 



i Measuri 



Grammes to ounces avoirdupois, multiply by zo and divide by 567. 
Kilogrammes lo pounds, multiply by 1,000 and divide bj- 4J4. 
Litres to gallons, multiply by 22 and divide by 100. 
Litres lo pinls, multiply by BS and divide by 50. 
Millimetres lo inches, multiply by lo and divide by 254, 
Metres to yards, multiply by 70 and divide by 64. 
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METRIC MEASURES AND WEIGHTS. 

THE METRIC SYSTEM now so widely adopted is liased on ; 
The metre for linear, superficial and solid measuies. 
The kilt^p'anime for measures of weight ; and 
The litre for measures of capacily ; 

from which all ulher units are derived. 



o millimetres, c 



) decagram n 



metres (each of lonim. ), 
s (each nf ioe-)i "t 'o 



THE LITRE = lOD centilitres, or lo decilitres (each of locl.) 

The multiples of these, with British e<iuiv-alents will be found in the following tables. 

TABLES OF CONVEHSIONS.-These afford fkdlities sufficient for most calcula- 
tions, if it be borne in mind that any unit is converted into any other unit by merely altering the 
position of the decimal point. 

Example.— We find that four inches=ior6 millimetres or I0'l6 centimetres; or we have 
40 iriches=lot6 millimetres, or I0I'6 centimetres, or lO'l6 decimetres, or l-ol6 metres. 

Converting feet into metres, say 68 feet ; We have 60 feet^iS'zS? metres, plus 8 feet = 
2-438 metres, the total being 20725 metres, and so on for any other measure, weight or capacity 
expressed in decimals. 



EQUIVALENTS IN BRITISH AND METRICAL 
MEASURES, WEIGHTS, ETC. 



Appro 


[imat 


e equivalents will be found at 
Inches = M 


pages 276 and 


298. 








Inches 
Mm. 


Decimal... 




■0625 
.■587 


-125 
3175 


A i 
-187s -2$^ 
476Z 6-350 


■3125 
7-237 


a 

-375 
9-52S 


Jk 


i 

■50° 

ra-700 


Inches 
Mm. 


Decimal '.'.'. 




■562 
14-28 


6 

■625 
15-87= 


i 

750 
190SC 


;87= 


25-399 


50799 


3 
76-i99 


101-60 


Inches 
Mm. 






^ \ 6 \ 7 
127-00 15J-40 177* 


1 8 . 9 
203-20, 228-60 


254-00 


27939 


3'H-7g 


MiLUMKTRKS = InCMBS. 


Millimcttes ,. 
Inches 


■039 


■079 'iiS 


4 
'157 


5 

■'97 


6 
■236 


7 1 S 
■276 -315 


9 
■354 


■394 


Is<.hks^C,.:nt,metrf.s. 


Inches 
Centimetres,. 


2-54 


2 1 
5^. 


3 
762 


10-16 12-70 


6 

I5'24 


, 1 s 

1778 1 20-32 


22%6 


15-40 
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Centimetres = Inches. 



Centimetres... 
Inches 


■394 787 


,.?,. 


4 
I -575 


,,'« 


6 
2-362 


7 
2-756 


8 
3-150 


9 
3'543 


3-940 


Feet = Metres. 


Feet 
Metres 


■3^8 


-6^ 


3 
■9.44 


t-2t9 


5 
1-524 


6 
1-829 


7 
2-134 


8 
2-438 


9 
2743 


3*048 


Metres = Feet. 


Metres 
Feet 


3-I8I 


6-562 


9-843 1 I3'i23 


16-404 


6 
19-685 


7 
22-966 


8 
26-247 


9 .0 1 
29-528 32-80^ 


YARns = Metres, 


Yards 
Metres 


■9144 


1-S29 


2743 1 3-658 


5 
4572 


6 
5-486 


7 
6-400 


7-3'5 


9 

8 '229 


9-143 


Metres - Yards. 


Metres 
Yards 


I 1094 


2-187 


3 
3'2Si 


4-375 


5-468 


6 
6562 


7 
7-655 


8 
8-749 


9 
9-843 


ro-936 


Miles = Kilo.metre.s. 


Miles 
Kilometres ... 


1-609 j 3-"9 


,4, 


6-437 


8046 


6 1 7 1 8 
9-656 II-265J 12-875 


9 I .0 
14-4841 1 6-093 


Kilometres = Miles. 


Kilometres ... 
Miles 


■6^.4 


f243 


.A, 


.tu 


3-107 


6 
3-728 


7 
4-350 


8 
4-97' 


9 
5-592 


6-214 


SyUARE Inches = Square Cbntimetres. 


S<]. Inches ... 
Sq, Cm. 


6-452 


1 2 '903 


3 
'9'354 


4 I 5 1 6 
25-805 132 '257 138-709 


7 
45-160 


8 

51 ^M 


9 
S8-C62 


64-513 


Square CenT[.vietres = Square Inches. 


Sq. Cm. ... 
Sq. Inches ... 


■15s 




■46s 


•620 


5 
•775 


6 
-930 


.4, 


1-240 


9 
1-395 


.^s%| 


Square Yar]is=Sijuare Metres. 


Sq. Yards ... 
Sq. Metres ... 


•836 


1 -6% 


2-508 |3-3''44 


5 i 6 
4-lSo 's-017 


7 1 8 
5-853 j 6-689 


9 1 .0 
7-525 1 8-361 


Square Metres = Square Varus. 


Sq. Metres ., 
Sq. Yards ... 


1-/96 


. 1 3 
2 '392 .3-58S 


r,X 


5-980 7-176 


8-372 


9-568 


9 1 10 

10-764 11-960 



applebv's handbook of machinery. 
Cubic Inchks=Cubic Centlme'irbs. 



Cub. Inch ... 
Cub. Cm. ... 


16 '38 


3177 


3 !.■• ks 

49-16 ,65-551 8'-93 


6 
98-3» 


7 
"47 


8 
131-01 


9 

147-48 


i6y&7 


CoBic Centimetres = Cubic Inches. 


Cub. Cm. .. 
Cub. Inch .. 




■122 [ -183 -244 


5 
-305 


6 
■366 


7 
-427 


8 
-48S 


9 

■549 


■610 


Cubic FEKT = Ct!Hic Mkthes. 


Cub. Feel .. 
Cub. Metres 


■M83 


-0566 


•0849 -"33 


■J. 


6 
-1699 


7 
-1982 


8 
-2265 


.1,. 


-2831 


Cubic Metres=Cubic Feet. 


Cub. Metres 
Cub. Feet .. 


35 'J 


706 


3 . 4 
105-9: 141-3 


5 1 6 1 7 
176-6 2II-9 247-2 


8 
282-5 


9 

317-8 


3S3-I 


Cubic Yari>s=Cubic Mctres. 


Cub. Yards .. 
Cub. Metres 


I ! 2 
7645 j I '529 


3 
2-294 


3^58 


5 
3-823 


6 

4-587 


7 
5-352 


6-ii6 


e?m 


7^5 


Cubic Metres— Cubic Yahds. 


Cub. Metres 
Cub. Yards.. 


.■308 


2616 


3 
3-924 


4 ! 5 
5-232 1 6-540 


6 
7-848 


7 
9-156 


8 
.046 


9 

11-77 


.3°oS 


GaLI.ONS.= LITRES. 


Gallons 
Litres 


4*543 9 '087 


314)5 
i3-630|i8-i73|227"7 


6 
27-260 


7 
3.-804 


8 
36-347 


40-^. 


4S'434 


LlTRES=GAU.ONS. 


Litres 
Galluns 


■2>o ; 440 '660 1 -880 


5 


6 I 7 
1-320 1-540 


8 
.-760 


r-^So 


z-^, 


l'Of.S'I,s=-KlI.OC.RAM!LlKS. 


Pounds 
Kilo. 


■453 j ■907 1 1-361 


4 
1-8.4 


A. 


6 

2722 


7 
3-'75 


8 

3629 


9 1 .0 
4 ■081 4-536 


Kll.OOKAMMES^l'OUNDS. 


Kilos. 

Pounds 


2.20s 4-4101 6-6i4| 8-8i8J ti-02 


6 

13-23 


7 
'S-43 


8 

17-64 


19-84 1 22-65 


Knots (Nactical Milks, =Kil<,mbtres. 


Knots 
Kilomtlres .. 


1.852 . 3704 j 5-555 


7-407 


,L\.A,. 


7 

12-03 


8 
.4-815 


9 1 10 
16-667I 18-519 
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KILOMKTRKS=KNOTS (NlKUllS). 



Kilometres ... 
Knots 


■54 


1-08 


,L 


4 1 S 1 6 ! 7 1 8 1 9 
2-16 1 2-70 3-24 1 378 ] 4'32 1 4-86 


5 4 


Ac RES = Hectares. 


Acres ...] i 
Heelares ... '405 


■te9 


3 
1-214 


I -619 


24 1 2-^28 


7 ■ 8 
2-833 . 3-237 


3-I4. 


4-047 


HKCTARKi= Aches. 


Hectares ... 


2-471 


4-942 


7-413 9-885 


5 ' 6 
I2-3S6| 14 827 


.,'«. 


19769 


9 1 10 
22 ■24024-711 


Grains Trov=Gramm*n. 


Grains Troy... I 2 
Grammes ... 065 -130 


1 1 4 5.6 7 ■ 8 . 9 
■194 I -259 : -324 '■ -389 -454 -518 '583 


-648 


Gkam.\iks=(".kainh Troy. 


Grammes... I 1 2 
Grains Troj- 15-43230-865 


3 
46-297 


4 1 ? 1 6 ! 7 1 8 
61 -72977-162 92'594, 108 -026 123'459 


9 

158-891 


54-324 


Foo-r Poun[).s=Kiloi;rammk-Mktrf.s. 


Foot pounds 
Kilo, metres 


■.;* 


■277 


3 I 4 S 
■415 j '553 69' 


6 
■830 


'968 I-I06 


9 

[-244 


i-3°S3 


Kilogram me-Metrf.s=-Foot PouNf.s. 


Kilo, metres 1 I 
Foot pounds 7'2J3 


.4'466|2,^699 


4 1 5 1 6 1 7 1 8 
28-933] 36-'« 43'399| 50-632 57-865 


9 10 

65-098 72-331 


Lbs. per Sgt;ARE I.sch^Kii.ourammes per S'jvare Centimetre. 


Lbs. per square inch ... ... 1 

Kilogrammes per CM.' ... 14223 


28-446 


42-669 


56^91 


5 
71-114 


Lbs. per square inch ... 


6 

85-337 


99-560 


8 
"3783 


128™ 


142-228 


KnXXlRAMMES PER SQUARB CeNTIMETHE=LBS. I'KR S.JUARE INCH. 


Kg. per Cm.' 
Lbs. per sq. in 


■071 I -141 


3 


4 1 S 
■28t -352 


6 

-422 


7 
■492 


S 
■563 


■633 I -703 


LrS. per SlJUARE IXCH=ATMO.SPHEKr;s. 


Atmospberes -068 


■136 


3^41516 
■204 1 -272 -340 ■ -408 


7 1 8 
-470 '544 


■6?. ! -11 
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Atmospheres=Lbs. per Squarb Inch. 



Lbs. pet square inch ... 


14-706 


29-412 


„U 


58^24 


S 
73530 




Lbs. per squar 


inch Z 


6 


7 
102-942 


8 
117-648 


9 
132-354 


147060 




LBb. PER Yard=K[locrammes per Metre. 


Lbs. per Yard 
Kg. per Metre 


■496 


■992 


-U 


.i, 


J,^ 


6 
2-976 


7 
3-472 


8 
3-969 


,les 


4-960 






Kilogrammes per Mctre=Lbs. per Yard. 




Kg. per Metre 
Lbs. per Yard 


z-oi6 


4-032 


6-048 


4 
8-063 


5 
10-079 


6 
12095 


7 
I4-III 


8 
l6'iJ7 


„9 
18-143 


20159 






SHILLINaS=FRANCS (APPROXIMATKLV). 




Shillings ... 
Francs 


I -261 


2522 


3 
3784 


4 

5 "045 


6-306 


6 

7-567 


s-Ls 


S 
.0089 


9 
"■351 


12-612 






F RAN cs= Shi LUNGS (approximately). 




Francs 
Shillings ,. 


793 


1-586 


3 
2 '379 


3-172 


3-965 


6 
4757 


7 
5-550 


8 
6-343 


9 
7 -'36 


7-929 






Francs per Metre^Shillings per Yard (Lineal). 




Fes. per metre 
Shills. per yard 


725 


1450 


3 
2'i7S 


2-900 j 3-625 


6 
4-350 


7 8 9 
5-075 s'Soo 6-525 


7-250 






Shillini;s per Yard-Francs per Metre (Lineal). 




Shills. per yard 
Fes. per metre 


I '379 


^758 


3 


5'5i7 


6-S96 


6 
8-275 


7 
9-6SS 


1 1-034 


9 
12-413 


13-792 




Kb^ 


NCS PER SyilARE MeTRE= SHILLINGS PER SQUARE YARD. 




Fes. sq. n.etre 
Shills. p.sq.yd 


■663 


-u 


.i. 


2-652 


5 
3-3' 5 


6 

3-978 


.1. 


8 

5-304 


5I6, 


6-630 




Sh 


.LiNG.s ]'ER Square Yard^Francs per Square Metre. 




Shills. p.sq.yd, 
Fes. sq. iiieirc 


I '508 


3-017 


3 
4'S25 


4 1 5 
6-033! 7-542 


6 

9-050 


.o4a 


8 
12-067 


9 
'3'57S 


15-084 




Francs i>kk Cubic METRE=SHiu,iNi;s ver Cubic Foot. 




Fes. per stere 
Shills. per eft. 


•023 


. 1 3 1 4 

■04s -067 1 -090 


5 


6 

■135 


7 
■157 


8 
-180 


9 


... 
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NGs I'KR Cubic Foot=Francs per Stere (Cubic Metre). 



Skills, perc.ft. 
Fes. per stere 


44*54 


89-08 


J 


■78^15 


5 (■ 
222-69 267-23 


7 8 
3i'77 356-31 


9 
400-84 


445-38 


Fr 


NCS PER SlERE (CUBIC M.)=SHILLINI;S PER CUBIU YAHD. 


Fr. per Stete 
Shill.perc.yd. 


■6^6 .4. 


,-l„ 


4 ! 5 
2-425 i 3'03i 


6 
3637 


4-244 


8 
4-850 


9 
5-456 


6-062 


Shilun-i:s per Cubic Vard=Francs pkr Stere. 


Shill.pere.yd 
Fr. per Stere 


1-650 3-299 


3 
4'949 


6-598 


.is 


6 
9-897 


7 
"■547 


13197 


9 

14-846 


.6-T96 


Francs per K;iLOGRAMME=SHii.LiNr.s per Lb. (av.) 


Fr. per Kilo. 
Shill. per lb. 


■360 719 


3 i 4 : 5 
1-079 1*439, 1798 


6 
2-158 


.u 


8 

2-877 


9 

3-237 


3-597 


SHJLLlXtiS per LB.=FRANCS PER KILOGRAMME. 


Shill. per lb. 
Fr, per Kilo. 


2-^80 


S'56i 


s?,. 


M-?22 


S 
[3-902 


6 
16-683 


7 
■9"4&3 


S 

22-243 


9 10 
25-024 27-804 


Kn.owATrs (B.T. Unit}=Horse Power (English). 


Kilowatts .. 
H.P 


1-340 2-681 


3 
403 1 


S'36i 


6-702 


6 
8-042 


7 
9-382 


8 
10723 


12-063 


13-404 


IldiisE Vcwer" (English)=Kilowatts (B.T.U.) 


H.P. 
Kilowatts 


-746 ' 1-492 


3 i 4 -i 5 
2-23S] 2-984! 373" 


6 

4-476 


7 
5-222 


5969 


9 
67 IS 


7-461 



TABLES OF METRIC MEASURES & WEIGHTS 
AND BRITISH EaUIVALENTS. 







LINKAL MEASU 


IE. 






Millimetre 


. Mm. 


-001 -039 


-033 


— — 


—-— 


Centimetre 


Cm. 


■010 -394 


'033 






Decimetre 


Urn, 


-100 3 937 




-109 




Metre 


M. 
















32-809 


■0*936 


■006 


Hectometre 






338090 




-062 


Kilometre 






3,280-900 


1,093-630 


■621 


Myriameire 


, 


10.000 000 


~ 


~ 
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SQUARE MEASURE, 









SQUARB 


SQUARE 




MBTKtC. 


COUTH ACTIOS^ MBTRKS. 




FKET. 


VARDS, 


ACRBS. 


Millkre 


Mm.' 


-, 






■119 


_ 


Centiare 


Cm.- 












Declare 


Dm.' 












Are 


A 






1076-400 


iig-6oo 


■025 


Decare 




1,000000 






1,1196000 


■147 


Hectare 


Ha. 


10,000-000 


— 


— 


11.960-000 


2-471 



SOLID MEASURE. 



MRTRIC. 


CONTRACTION 








ci;b.var->s. 


Millislere 

Decislere Z 
Stere or Cubic Metre 
Decastere 
Hectostere 


Mm.'' 
Cm.' 


s 


6i-o;8 

6,101-800 
61,028-000 


■353 
3 '532 
3S'3'7 


13080 

130-802 



metric 


„.. 


»„„... 


OtJNCES 


^'ro^s""' 


CWTS. 


™s,. 


"trov' 






■001 




_ 


_ 


_ 




Centigramme 


Cb. 














DmlgOT™ 


ub. 












rS43 


















DKasramm, 


DkE. 




'352 










Hectogtamme 






3 '527 












Kg. 






2205 


■019 
















■197 














210-462 








Millier or Bar 




1,000.000000 




z,C„^ 


19-684 


■934 


- 



DRY AND FLUID MEASURES. 



M.TR1.. 


...VT.ACV:,,. LITRKS. 


.N-CHF.S. 


FKET. 


GALLONS. 


BUSHELS. 


Millilkre 


Ml. 001 


■061 


_ 






Centilitre 


CI. -010 










Decilitre 


Dl. -lOO 


6100 








Litre 


L I 000 


61020 






■028 


Decalitre 


Dkl. 10-000 


6IO-2SO 






■276 


Hectolitre 


111. 100000 






22009 


















— 10,003,000 




353 '170 


22<x>-957 


27512I 



■APPLEBY'S HANDBOOK OF MACHINERY. 



BRITISH STANDARD MEASURES AND 
WEIGHTS AND METRICAL EaUlVALENTS. 



LINEAL MEASURES. 



I inch 

I Foot (l2 inches) ... 

I Yard (3 feet) 

I Fathom (6 feet) .,, 

I Pole or Perch (5I yards) 

I Chain (zz yards) ... 

. Furlong (2ZO yards) 

I .Mile (8 furlongs) ... 

I Nautical mile (knot 6076 feet) 



25-400 millimetres 



RE MEASURES. 



BRITISH STANDARD. 


METRICAL EQUIVALENT. 


I Square Inch 

I Square Foot (144 square inches) 

I Square Yard (9 square feet) 

I Perch (ZOj square yards) ... 

1 Rood (40 perches) 

1 Acre (4840 square yards) ... 

: Square Mile (640 acres) 






6-451 square centimetres 
9290 square decimetres 
-836 square metres 

10-117 ares 
■405 hectare 
258-9894 „ 



SOLID MEASURES. 



I Cubic Inch 

1 Cubic Foot (1728 cubic inches) 

I Cubic Yard (27 cubic feet) ... 



6-387 cubic centimetres 
'02S3 culac metres 
■7646 



MEASURES OF CAPACITY (COMMERCIAL.) 



1 Gallon (4 quarts),.. 

I Peck (2 gallons) 

I Bushel (4 pecks) ... 

I Quarter (8 bushe!) 
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MEASURES OF WEIGHT (AVOIRDUPOIS}. 



BRmSH STAN..AR... 


METBICAl. EQUIVALENT. 


t Dram 

1 Ounce (ledrams) 

1 Pounddb. — 16 oz.) 

1 Stone (14 lbs.) 

1 Quarter (z8 lbs.) 

I Hundredweight (cwl.— 112 lbs.) ,„ 

1 T01l(20CWt.) 


1 772 graniraes 
28-350 

■454 kilogrammes 

IJ70 

■508 quintal 
1016 kilogrammes 



APOTHECARIES MEASURES. 



BKinSH STANKA.D. 


M.I.ICAL .Ql-.V.LENT. 


I Minim 

I Scruple (fluid) 

I Drachm „ (60 minims) 

I Ounce „ [8 drachms) 

I Pint 

I Gallon (8 pints or 160 fluid oz. 


■059 mi)li)ities 
.■.84 ,. 

■568 litres 
4546 ,. 



TROY WEIGHT. 






METRICAL EQPIVALBNT. 


I Grain 

1 Pennyweight (dwt.— 24 grains) 

I Ounce troy (20 dwt.) 


■0648 gramme 
1-555 
3I-I04 



APOTHECARIES WEIGHT. 



BRtTtSK STANOAtD. 


METRICAL EQUIVALENT. 


1 Grain 

I Scruple (20grain5) 

1 Drachm (3 scruples) 

I Ounce (8 drachms) 


■0648 gramme 
3' -104 



JAPANESE MEASURES AND WEIGHTS WITH 
BRITISH AND METRIC EQUIVALENTS. 

LINEAL MEASURES. 



JAfANESE. 


BRITISH. 


METRIC. 


Shaku 

Ken = 6 Shaku 

Cho = 60 Ken 

Ri = 36 Cho 


11931 inches. 

5-965 feet. 

"9'305 yards. 

2-4403 miles 


3O'303 e/m. 

109 '080 ,, 
3-927 k/m. 
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SUPERFICIAL (SQUARE) MEASURES. 



„,.,„.. 


BRITISH. 


METRIC. 


Square Shaku ... 

Tsubo (or bu) — 6 square Shaku 

Se = 30 Tsubo 

Tan = 300 Tsubo 

Cho = 3000 Tsubo 


5-9310 sq. feet. 
3-9540 sq. yards 
3921 sq. perches. 
39'2i „ „ 
2-450 acres. 


-5509 sq. m, 
3'30S 

■9918 decametres. 
9-917 
99-178 



MEASURES OF CAPACITY. 



JAPANESE. 


BRITISH. 


METRIC. 


Sho 

To ^ roSho 

Koku= 100 Sho 


3-176 pints. 

3-968 gallons. 

39 685 galls, or 6-370 cub. ft. 


I -8039 litres. 
18-039 .. 
180-390 ,. 



MEASURES OF WEIGHT. 



JAPANESE. 


BRITISH. 


METK.C. 


Momme 

Kan - 1000 Momme ., 

Kin - 160 Momme 


J-1J35 drachms (av.) or 
57-871 grains (troy) 
8-292 lbs. (avoir). 
1 -326 Ihs. 


3-750 gramme. 
3-7 SO kg. 
600 gramme. 



RUSSIAN MEASURES AND WEIGHTS WITH BRITISH 
AND METRIC EQUIVALENTS. 

LINEAL MEASURES. 



RUSSIAN. 


BRITISH. 


METRIC. 


Sagene (3 arshines) 
Verst (500 sagenes) 


■778 yard (28 inches) 
-663 miles 


71-12 centimetres 
1-134 metres 
I -067 kilometres 



British inches and feet are generally used by engineers for lineal, square and cubic 
LIQUID MEASURES. 



RUSSIAN. 


BRITISH. 


„.™,c. 


Krushka 

Vedro(iokru5hl.a) 


I -082 quarts 
2-707 gallons 


,i?a'r 



APPLEBY'S HANDBOOK OF MACHINERY. 
DRY MEASURES. 



RUSSIAN. 


RR.T1SH. 


MBTBIC. 


Tschetverik ... 
Tschetvert (8 Tschelveriks) 


5775 gallons 
5775 bushels 


21780 litres 

■174 cubic metres 


WEIGHTS. 


RUSSIAN. 


BRmSH. 


METRIC. 


Zolotnik 

Funt (96 lolotniks) 
Poo^ (40 funis) 


■0094 lbs. 
■9028 IKs. 
36-114 Ib-s. 


■0043 kilf^rammes 
'6-373 ". 



ATMOSPHERIC STANDARDS. 

BRITISH STANDARD.— This is used in Great Britain, the Colonics, the United States 
of America, Russia and a few ether countries and is : 

One pound per square inch=^a-oj5 inches of mercury column. 

One Btmosphere=l47 lbs. per square inch^29*9 inches mercurj' column. 



-This i 






WEIGHT OF AIR. -This varies with the temperature and pressure of the air, the 
weight of one cubic fool of air at atmospheric pressure being '0807 lbs. at 32° Fahr. and '069 lbs. 
at a temperature of 212°, increasing respectively to 3551 lbs. and -2600 lbs. at a pressure of 
50 lbs. per square inch, and to '6295 lbs. and '4609 lbs. at loo lbs. per square inch. 



APPROXIMATE WEIGHTS AND MEASUREMENTS 
OF BALES, &c. 



Cotton in bales, Indian ... 1 

Egyptian 
,. American 
Australian wool in bales, Greasy 

Portland cement in cask 



erage weight 392 lbs, Meas, 1 

„ „ 756 lbs, „ s 

". ',', 38s lbs! ',', 2 

„ 285 lbs. „ I 



towd of men densely packed weigh about 120 lbs. per 



WEIGHTS OF ANIMALS. -These ar. 
Saddle horse 8 cwi. Cmvalcj horse 1 
Oxen about 8 cwt. A larg^ cow 6i ■ 



approximately ; 

[ cwt. Strong cart horse 14 cwi 
wi. Pig 14 cwt. Sheep J cwi. 
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DECIMAL APPROXIMATIONS OF MEASURES 
AND WEIGHTS. 



Uneal feel mullipli 


■d by -000.9 


^ miles. 




„ j-ards 


■000568 


- 1. 




Square inches 


•007 


- n"^' 


feet. 


„ yards 


■0001067 


= acres. 




Circular inclies 


■00546 


= square 


feet. 


Cy lindiical inches 


■0004546 


^ cubic feet. 


feet 


■02909 


= cubic 


yards. 


Cubic inches 


■00058 


= cubic feet. 


„ feet 


■03704 


= cubic 


-ards. 




6^232 


- imperial gallons. 


„ inches 


■003607 






Cylindrical feet 


4'89S 


= 




inches 


•002832 


= 




Cubic inches 


■263 


= lbs.a 


.sofcastiro 




■281 


- 


wrought 




■283 




steel. 




■3225 




copper. 




■3037 


- 


brass. 




■26 




zinc. 




■4103 




lead. 




■2616 


- 


tin. 




■4908 




mercur)' 


Cylindrical inchts 


■2065 




cast iron 




■2168 




wrought 




■2223 


- 


steel. 




■ZS33 


- 


copper. 




■ -2385 




brass. 




■2042 




zinc. 




-3223 




lead. 




■207 




tin. 




. -3854 




mercury 


Avoirdupois lbs. 


■009 


- cwts. 






■0C04S 


= Ions. 





XIMBHR. — 40 cubic feet rough, or 50 cubic feet squared?=i load. 
50 cubic feet of planks^i load, 
too superficial feet=^l square of flooring, 
izo deals=ioo. 

Deals are 9 inches wide. Batlens 7 inches- 
Planks are 2 to 4 inches thick, and 10 or II inches wide. 
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WEIGHTS OF SQUARE AND ROUND BAR IRON 

In lbs. per Lineal Foot. 



BKKADTH ^ 


UAHB B 


ousa 


B»A..T„ 


50 U ABB 


BOUND 


B.EA>^H 


SQUARH 


ROUND 


B,AHBT«K. 


ABS. 


*"*■ 


DIAHBTBR. 


BA-5. 


BABi 


mAMFTKB. 


EARS. 


BAB5. 








inchis. 






Inches. 






A 


"7 


209 






422 


3-32 


i| 


27-61 














5-25 


4*09 


3 


30-07 


23-60 




326 


216 






6-35 


4-96 


31 


1V2B 


2770 








































36-S9 


i 


835 


6 so 






1029 


8 -03 




53 '44 


41 '27 


I*. ] 


=57 








"74 


922 






47-38 




305 " 


325 






10-49 


4l 


67*3 


53'i2 


(1 I 


579 I 


241 


jS 






4S 


73 '35 


59- 18 


S 1 


879 . 


476 


2i 


.691 






83 -SI 


65-58 
















9246 




i 


556 ^ 




2i 




.6-39 




mi '03 




a 2 


H6 i 


lob 


21 




1807 








I 3 


34 i 


62 


zi 


25-26 


19-84 


6 


'""" 


94-43 



For weights of bora of \aTgti sizes multiply by 4 the 

e required. 

Example : A bar 44 inches diameter weighs 47'38 lbs. 
es lS9"52 lbs., the weight per foot of a bar 8^ inches diameter. 

For estimating weights of other metals, see tx>tiom of p 



weight of a bar half the 
which, multiplied by 4, 



Sectional Areas 



FLAT BAR IRON 
1 Inches and Weights in lbs. per Lineal Foot. 







1 


IDTH It 


J INCHES. 




. . .. 




— 








— 








, 




T^ 






7»c'h? 




^?NCH? 


™b"^ ^?k 


c«!" 


WBIGHT 


"Sch" 


"ir^ 


?»"c1f^ 


""r- 


1'»c''h" 


"lk" 


4 




-811 




1-67 ■ 






I -00 




T-25 








■313 


1-04 


■02 S 




38 


3-13 


1-25 


4-17 








6-2, 




■375 


[-25 


■750 


2- so ! 


'■( 


3-75 


1-50 


500 






2-25 


7 '50 


.^ 


■418 


■ ■46 


-S7S 


2-92 I 




4-38 




5-83 


2-i9 


7-29 


2-01 


8-75 


,1 




.■67 
















9*38 






•W 




113 


3-75 I 




5-63 


2-2.; 


7-50 




VI8 


II -3 




-625 




1-25 








2-50 




3-13 


104 


375 


12-5 






2 '29 








6 88 


2 75 


9-17 


3 "44 


ii-S 


4-'3 






■750 


2-50 


150 


5-00 2 


2S 


7-50 


3-00 




3 75 


'2-5 




150 




■8-3 










K'n 












.6-3 




•87, 






S-83 2 


i3 


87^ 




11-7 


4-18 


14-6 




18-8 


+* 


■018 


V'l 




6-25 2 




9-38 


175 


125 


4-69 


IS-6 


5-61 






3-33 


200 




uu 




4.00 


13-3 




17-7 




lOO 



STEEL AND OTHER METALS.— To find the weights of bars of other metals of 
equal section, multiply the tabular weights as follows : 

For Steel t i-02. Brass x 1-09. Copper x 1-15, 

Lead x 1.47. Cast Iron x -93. Zinc x -92. 



APPLEBY'S HANDBOOK OF MACHINERY, 

WEIGHT OF SHEET IRON, COPPER AND LEAD 
per superficial foot, in lbs. 



Thickness in inches. , . 


tV 


' 


A 


i 


A 


1 


Iron in lbs. 

Brass „ 

Sr;; ::. ::: 


a 5 

27 

2-9 

37 


7-4 


87 


109 
11-6 
14'8 




'5" 
16 -3 
17-4 


Thickness in inches... 


tV 


i 


» 


1 


i 


. 


Iron in lbs. 

Brass „ 


'TS 
19- 
ao-3 

25 '9 


li 


25- 
37- 


30- 
3! '5 
347 
44 4 


35" 
37-9 
40-4 
57-8 


40- 

49-2 



WEIGHT OF ANGLE IRON 
In lbs. per lineal fool. 







Average ThicI 


ness of Sides in 


nches. 




Breadth of sides 
















in inches. 


i 


A 


1 


tV 


i 


l^ir 


t 


1 I 


46 


176 


2-03 


















3-01 










21 


«-8o 


3 '28 


371 








2^ 




i« 


391 


4-47 


5 -Si 






2i 
2i 




4-37 


5-16 
578 


5 '91 
6-65 


7-50 






2i 










«-S3 






















3i 








9-57 


















12-5 


139 


15 3 










12-4 


;t-8 


177 


17 '4 












191 


214 


237 



imating the weight of other metals, see the preceding page. 



MEAN TENSILE STRENGTH OF METALS. 

In Tons per square inch of section. 



Wrought 
Wrought 
Wrought! 
Cast steel 


on bars 
on boile 
onboile 


plate 
plate ac 


about lli 

OSS grain igj 

27 to 35 


Copper, sheets ... 
Copper wire, annealed 
Gun-metal castings 
Brass, cast 


about 13 
,. '3 
,, 14 
,. 8 


Cast ateel 


for tool. 




about so 


Brass wire, annealed 


.. 14 


Copper, c 


St ... 




about lo 


Tin 





JIJ 
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WEIGHTS OF BOLTS, BOLT HEADS AND NUTS. -The approximaie 

weights of iron bolls of any lenglh will be obtained by adding the weight of t>ar iron required 
(see table page 311), to those given in the following tables. 

Bolts of oUief metftls.— The weights of these can be calculated with sufficient accuracy 
by using the constants given, also at page 311. 



WEIGHT OF 100 IRON BOLTS, WITH SQUARE HEADS 
AND NUTS. 



Head 


DIAMETER OF BOLTS. 1 


inch. 


inch. 


inch. 


inch.- 


inch. 


inch. 


inch 


inch. 


inch. 


to point. 


i 


iV 


1 


A 


i 


i 


i 


i ■ 


I 




lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs 


lbs. 


lbs. 


lbs. 


li 




7-0 


10-5 




22 5 


39-5 
41-6 


63-0 






■ 5 




7'5 


11-3 


16-3 


23 ■» 


66-0 








4-8 


8-0 






25-i 


43*8 


69-0 


109-0 


163 


h 


5 "2 


8S 


13-8 


i8's 


26-5 

27 'S 


45-8 


72-0 


113-3 


.69 


2i 


5"S 


9-0 


13s 


19-6 


480 


750 


117-5 


174 


^f 


11 


9*5 


I4'3 


207 


z9'i 


50-1 


78 -0 


iii'S 


180 


3 




15-0 


21 '8 


30-5 


52*3 


81-0 


126-0 


'85 


3i 


70 




'6-5 


24-0 


33*' 


S6-5 


870 


134-3 


.96 




7-8 




180 


26-2 


3S8 


6o-8 


931 


142-5 


207 


4i 


8-5 


13-0 


irs 




38;4 


65*0 


99*1 


15' -0 


21S 


5 


9 '3 


140 




306 




69-3 


105-2 


159-6 


229 


5i 




150 


22-5 


328 


43*7 


73*5 


111-3 


168-0 




6 


w8 


i6-o 


a4.o 


3SO 


464 


77*8 


117*3 


176-6 


25" 


61 






iSS 


37 ■» 


49-0 


820 


123-4 


185-0 


262 


7 






^ro 


39 '4 


5' 7 


86-3 


129-4 


1937 


273 


7i 






2&-S 


41-6 


54-3 


90-5 


135-0 




284 


8 






30*0 


438 


»-6 


94-8 


141-5 




295 


9 








460 


649 


'o3'3 


153*6 


217-8 


317 










48-2 


702 


III-8 


165-7 


224-8 


339 










504 


755 


[20-3 


177-8 


261-9 


360 










526 


808 


1 28 8 


.89;9 


278-9 


382 


13 










86 I 


137-3 




296.0 


404 


14 










91-4 


145-8 


2(4-1 


3130 


426 


IS 










967 


154*3 


2262 


3JO-I 


448 


16 












i6z-8 


238-3 


347-1 


470 


17 










1073 

II2-6 


i7io 
'795 


2^2:6^ 


364*2 
381*2 


492 
S'4 


■'9 










"7*9 


1880 


274-7 


398-3 


536 












■ 33-2 


206-5 


iS6'8 


4'5*3 


558 


^t^ 


.-, i .■■ 


31 


4» 


55 


8-5 


ia-3 


167 


21 '8 



WEIGHTS OF NUTS AND BOLT HEADS, 

FOR CALCULATING THE WEIGHTS OF LONGER BOLTS. 



Diameter ov bo:.t in inches 


i 


s 


i 


> : i 


i 


■ ' '1 ! ■« 1 


Weifiht of hexagon nut and head lb. 
Weight of square iiiil and hend ... ,, 


■017 


■'£> 


-IJS 

■164 


■267-43 
■3..,. 5 


'U 


II02-I4 
1-31256 


3-78 
4-42 
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TABLE OF WIRE AND SHEET GAUGES. 



I 


3 = 


"is 

if 


11: 


% i 

ill 

1 S 


li 


1 = 


iii 


% 


11 


iii 


% 




1 


"SSE 


1: 


-^n 


I I 


= s 


%% 


% s 


\ 


"2 


s " 


'■t'o, 


<s 


DOOOOCO 


■500 










•500 


... i'~ 






■500 






■464 










■4684 








■468+ 






■432 










■437+ 








■437+ 






■4C0 


.454 








■4064 










■406 


■460 




■372 


■425 








■375 










■375 


■409+ 




■348 


■380 








'3434 










■343+ 


■364+ 




■3*4 


■340; - 






■326 










■3124 


■3*4+ 




■300 


■3C0 1 -004 


■312+ 


■227 


-300 




■045 








■289^ 




■276 


■284 1 -cos 


■281 + 


■ZI9 


-274 










■2654 


■257-t 


3 


■252 


•259 '008 


■2SO 


-209 


■250 




■035 




■003 


■250 


■229+ 


4 


■232 


-238 j ;oio 


;234+ 


■204 


■229 




-032 




■004 


3: 


■2044 


s 










■209 




■028 




■00s 


■i8J4 


6 


•192 




■^3 + i '198 


■191 




;o25 


■018 


■006 


■203 + 


■1624 


7 


.76 


■180 I 015 ' -[8;+' -195 


■174 






•019 


■C07 


■187+ 


"'44+ 


8 


■160 


■165 016 -[71+ 192 ' ■159 








■008 


■171 + 


■1284 


9 


■■44 


■148 -0191 -156+ ■191 ■146 




■0(8 




■009 


■156+ 






■128 


■134 -024 ■40+ 190 133 




■016 






■140+ 






-116 


■120. 029 '125 189 117 




■014 


■023 




■125 


■0904 




■104 


-109 -034 1 -112+ 'IBs ■ -lao 




;c.i3 


-025 




■109+ 


■0804 


13 


■092 


■095 036 100 180 -090 








■013 


■093+ 


■071 + 


"4 


■080 


-083' -041 -087+ -[77 


■079 


■083 




-028 




■073+ 


■0644 


IS 


■073 


■072 047 1 '075 


■'75 


■069 


■072 


■009 


■030 


-015 


-080+ 


■0574 


i6 


■064 


065 ■ '051 1 062 + 


■174 


•062 + 


06s 


■ooS 


-032 




■062+ 


•0504 


•7 


•056 


■058 ■ -057 : ■056+ 


-.69 


■OS3 


058 




■0334 


-or7 


■056+ 


■045+ 


iS 


•048 


■049 '061 


■050 


■167 


■□47 


049 


■005 


■035 


-o[8 


■050 


■040+ 


<9 


■040 


■042 -064 


•043 + 


■164 


■04 c 


040 


■004 


■038 


■019 


■043+ 


■035+ 




■036 


■035 -067 


-037 + 


■i6o 


■036 


03s 


■003 


-042 




■0374 


•o3' + 




■032 


032 i -072 


■034 + 


■'57 


■03' + 


031+ 








■034+ 


•0284 




■028 


■028 ! -074 


-031 + 


■152 


■028 


0294 








■031 + 


-OZS + 


23 


■024 


■02s i -077 


■028 + 


■150 




027 








■028+ 


-0224 


24 




■022 -082 


■025 


.48 






025 






■024 


■025 


■020 4 


25 




■020 I 095 


■023 + 


■146 , 




023 










-0174 


z6 


■018 


•ot8 , ■]03 




■■43! ■ 










■036 


■018+ 


•0154 


27 


■016+ 


■016 -Hi 




■141 ; 




0184 








■017+ 


■014-1 


28 






■018+ 


■138 1 . 




0164 






-028 


■0154 




29 


■013 + 


■013 1 '124 


■017 + 


■1341 . 




0154 








■0144 




y> 


012 + 




■015 + 


■125 ■ 




0134 






■030 


■0124 


■010+ 


3' 




■010 -133 


■014+ 


■118 1 . 














-co84 


32 




■009 -143 


■0124 


■115 




0114 






■032 




■cx)7 + 


33 




■008 ! ■145 








OI04 








■009+ 


■007 + 


34 


■0091 


•007 1 -148 




■109 






009 






■034 


■0084 


■006-1 


35 


■C08+ 


■005 '158 




■107 






0094 








■007+ 


■005-1 


36 


-007 + 


■004 1 -169 




■loS 






0074 










;oos 


37 


■006+ 












0064 








■006+ 




38 


■006 












0054 






■0*38 


■006+ 


■003+ 


39 


■0054 






■098 






COS 












40 


■004+ 






■096 






0044 






-040 




■C03+ 


4! 


■004 + 






■095 


















42 


■004 






•cgi 

















(Mahaiiieal World). 
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CIRCUMFERENCES AND AREAS OF CIRCLES. 



DIAM. CiRCUM. 


Area. 


DlAM. 


CCRCIIM. 







-392; 


.0122 


6i 


19.635 


30679 




.::fi; 


.0490 


i 




33-183 




.M04 


i 


21.205 


35-784 
38,484 




1 1-5708 


■'963 


7 in. 


21.991 




! 1-9635 


.3068 


} 


22.776 


41,282 




1 2-3562 


-4417 


4 ' 23-562 


44.178 




1 2-7489 


.6013 


■( 24.347 


47,173 




n. 3. 1416 


-7854 


8 in. I 25.132 


50-265 


■ 




3-5343 


.9940 


i *S.9'8 


53-456 






3.9270 


1.2271 


4 1 26.703 


56-745 






4-3197 


1.4848 


i , 27.489 


60.132 






4-7124 


..767. 


9 n. , 28,274 


6J.617 






5.1051 


2- 0739 


; 29-059 


67.200 






5.4978 


2.4053 


i 29-845 


70.880 






5- 8905 
6.2832 


2.7611 


; 30-630 


74,662 






3.1416 


10 n. ; 31.415 


78,540 






6-6759 


3-5465 


J 32.201 


82.516 




1 7-0686 


3.9760 


4 - 32-986 


86.590 




' 7f'3 


44302 


S 1 33-772 


90.760 




\ ^2467 


4.9087 


I! in. 34.557 


95-033 




5-4119 


35-342 


99.402 




1 8.6394 


S-939S 


4 \ 36.128 


103.86 




9-03" 


6.4918 


36-9' 3 


108.43 


3 




7.0686 


12 n. ! 37.699 


113-09 






9-8 '75 


7.6699 


4 ; 39-269 










8.2957 


13 in. i 40-84^ 


132-73 






1 0.60a 


8,9402 




1 42-41' 


143-13 






;?:SI 


9.62 II 


"4 


n. ! 45.982 


153-93 






10.320 




i 45-553 


165.13 






11.781 


11.044 


15 


n. 47,123 


176.71 






12.173 


11-793 




1 48.694 


18S.69 


4 




12. 566 


12.566 


16 


n. 1 50.265 


201.06 






■2-959 


13.364 




1 51-836 


213.92 






13-35' 


14.186 


17 


n. 53.407 


226.98 






'3-744 


15-033 




54-977 


240.52 




14- 137 


15904 


18 


56-548 


254-46 




1 14-529 


16.800 






58-119 


26S.80 




I4.92Z 


17-720 


'9 




59-690 


283.52 




1 'S-31S 


1S.665 






6. .261 


298.64 


5 


"■ ^ ;i:S 


19-635 






62.831 


3H..6 




20.629 






64.402 


330.06 




1^-493 


21.647 






65-973 


346.36 




i .6.886 


22,690 






67-544 


363-OS 




,7.278 


23-758 






69.115 


380.13 




17-671 


24-850 






70-685 


397.60 




18.064 


25-967 


23 'in. 


72,256 


415-47 




1 18.455 


26.108 




73-827 


433-75- 


6 in. 1 18.849 


28.274 


24 in. 


77-398 


452-39 
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CIRCUMFERENCES AND AREAS OF CIRCLES. 



UlAl 


ClRCUM. 




DlA% 


■ ClRCVM, 


Area. 


Hi 


76.969 


471.43 


484 


152-36 


1847.4 


25 m 


78-539 


490.87 


49 in 


153-93 


1885.7 


4 




5'o.70 


4 


'55-50 


1924.4 


z6in 




530.93 


50 in 


157-07 


'963.4 


i 


1 83.252 


55 '-54 


J 


158.65 


2002,9 


27 in 


84.823 


572-55 


5' 'in 


; 160.22 


2042,8 


i 


86. 393 


593.95 


4 


i6r,79 


2083,0 


2 m 


I S7.964 


615.75 


52 in 


'63.36 


2123,7 




! 89.534 


637-94 


4 


'64,93 


2164.7 


29 in 


91.106 


660.52 


53 'n 


166,50 


2206.1 


i 


1 92.677 


683.49 


i 


16S.07 


2148.0 


.loin 


1 94. 2*7 


706.86 


54 in 


■ j 169,64 




h 


I 95-8' 8 


730,61 


i 


171,21 


2332-8 


31m 


1 97-389 


754-76 


55 111 


172,78 


2375-8 


k 


i 9S.960 


779-31 


! 


1 174-35 


2419,2 


32 in 


. >oo.53 


804. .4 


56 in 


175-92 


2+63.4 


4 




829.57 


4 


177.50 


2507.1 


33 in 


; 103.67 


855-30 


57 in 


1 179-07 


2551-7 


i 


105.24 


8g..4[ 


J- 


1 180,64 


2596.7 


34 in 


106.81 


907.92 


58 m 


182.21 


2042.0 


4 


1 103,38 


934-82 


i 


'83.78 


26S7.8 


35 in 


109.95 


962.11 


59 in 


185.35 


2733.9 


4 


IN. 53 


989,80 


i 


186.92 


2780,5 


36 in 


li3,C9 


[O.7.8 


60 in 


i 188.49 


2827,4 


4 


114.6b 


'04"-3 


4 


i 190.00 


2874-7 


37 in 


116.2; 


,075.2 


61 in 


191,63 


2922.4 


h 


U7-S0 


1104.4 


i 


'93-20 


2970-5 


38 ,n 


119-38 




62 in 


194-77 


3019.0 


4 


; J2Q-9S 


1164.. 




196.34 


3067.9 


39 in 


122.52 


i'94-5 


6^'in 


197,92 


3117.2 




124.09 


1225.4 


""i 


199-49 


3166.9 


40-in 


125.66 


1 356.6 


64 in 


20. ,06 


3216.9 


4 


127.23 




4 


202,63 


3267.4 


4. in 


128.80 


1320.2 


65 in 


i 204.20 


3318.3 


4 


'3"- 37 


1352.6 


4 


205.77 


3369,5 


42 in 


131-94 


'385-4 


66 in 


207.34 


3421,1 


4 


'33-5' 


1418.6 


k 


208.91 


3473.2 


■13 in 


1 135-08 


1452.2 


67 -in 


210.48 


.!525-6 


1 


1 136.65 


1486.1 


4 


212.05 


3578-4 


44m 


138.23 


"520-5 


68 in 


213,62 


3631-6 




' 139.80 


■555-2 


4 


215-19 


3685.2 


45 in 


'41-37 


'590-4 


69 in 


216,76 


3739-2 


4 


l4;-94 


1625.9 


i 


218.34 


3793-6 


^6 in 


1 '44-5' 


1661.9 


70111 


219.91 


3848.4 


4 


1 .46.0S 


1698.2 


i 


221.48 


3903-6 


47 in 


147.65 


'7,34-9 


71 in 


223.05 


3959. 1 


4 


149.22 


1772.0 


4 


224.62 


4015,1 


48 in 


150.79 


. '809.5 


72 in 


226.19 


4071.5 



APPLEBY'S HANDBOOK OF MACHINERY. 



AREAS AND CIRCUMFERENCES OF CIRCLES ADVANCING 
BY EIGHTHS OF AN INCH. 

The following tables supply ihe abave-named dimensions, in Inches, feel, yards or other 
measure, without calculation, and those on the two following pages are available for diameters 
exceeding 50, by simply using the "number" as representing "diameter." 

The Formulosat foot of this page will be useful when similar data is required in theseclions 
reffrred to. For Areas, &<:,. of higher numbers, see next page. 



CIRCUMFERENCES. 



DL-.«..\ OUiiilSSi 



Di»nu 4 i a 4 6 ! J a 



».«J>i.Kin.4aiai,Jia3,Bim 
I13,0^1».4 in. 81190.1 in. T iw 



.II1U{-M.U|. 1104;. lues .aKBI. 44171. Ml 

,«»4(i|i.nili.4M|i.tei,i-«i3'j.4(is'3.ie 
.snIii.stlii.iHlii.) 



la.tD.M.cgiss.te 



3Ml.l384.439a.8^.1^3»T.«'4«t.> 

US.4 4M.ffi411.t4a.l433.;438.. 



.i3ai.Bja;.»i;w;?i 


S;Elli 


li:" 


.ga33.ag.j».4ci3S.K 

,a4'41.23'»l. •2 42,01 
.4»SJ.I»,!l.w||4.aS 


ii!n^!«s'4o!(i3 40! 

4g!Ml4«!»S;l>'4BU>! 



in!3|4llTiil4fll.0'40>!«4Il!44I*.2l|ai.l> 
.8l4H.tMI<).tUa.T91U.llsi9.1,S2l).t|i: 

in.t'm'.i — ' — ■-i--'-l---- -- ■-!- 



,.L 



!.2»I1.U,I3.04>3. 

t.3»i>t.n le.iti 10. 

L. 09 !s3,rt 03.4(1^01. Ot 
I.S^M.Slit.OOW.M 
I.e6,gH.3B!8B.IBM.14 



C = CirtuHif. rence. 
H = Coi.toi.t:<ofSphRr 
B= Contents of Cyllm 



A = D' X .7854 or (C -4- 3.544C)'. 
C = D X 3 14159or3.5i4ii VA- 
S = D' X .5236. 
B = A X k'Dgili. (A being tlie arcn 
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PATENTS OF INVENTION. 

Seeing that the validity of a patent depends on novelly in design, and on obtaining Ihe 
official certificate of acceptance by the Crown Examiner of Patents before details of the invention 
have been made public, it is evident that steps for obtaining this certificate should be taken as 
early as possible. 

PrOTisional protection. — To obtain this, which lasts nine months, a provisional specifi- 
cation defining the nature of the invention and the mode in which it is to be carried out, is 
deposited with the application for provisional pcotection, and the acceptance of these documents 
by Ihe Crown Examiner of Patents constitutes the protection and fixes the date of the invention. 
The specification is not open to the public during the above-named nine months which afford 
lime for preparing the final specification and drawings, for developments by manufacture and 
sale, and for testing the commercial value (or otherwise) of the invention. The provisional 
lecrecy almve referred to is especially valuable if foreign patents are contemplated. 

The outlay for this — as will be found later on — is quite unimportant, and if the results 
ibtained during the nine months are not satia^tory, no further expense need be incurred. 

It is essential that the provisional specification should clearly describe the invention without 
00 closely limiting construction, but rendering evasion difficult, if not impossible. For this 

. it is always desirable to consult a competent Patent Agent who will act for the inventor, 

his Trustee, and whose advice on phraseology and mode of procedure is frequently 
nvaluable ; he will also notify his client of the dates when payment for renewal of a payment 
lecome due, and so save it from lapsing through inadvertence. 

Complete specification. ^If it is decided to complete the patent, a more detailed 
pecification is lodged, usually with drawings and statement of claims, and these, with the 
then payable, protects the invention for another three years. 
In some cases, however, it is better to complete the patent forthwith than on the 
expiration of the period of provisional protection ; the Patent Agent will adMse on this point 

Information required. — Personal explanation is of coirse desirable but when this 
cannot conveniently lie given, a written description clearly enpiaining the invention or 
improvement, accompanied by sketches, drawings or model will enable die latent Agent to 
decide on the form and manner of application for the desired protection 

Cost of British Patents.— This, naturally, vanes in proportion with the intricacy o 
the invention, Iho nunilKir of drawings (if any) and the q anlily of descriptive matter required 
to clearly explain the details, but if these are of the usi al (raiderate) quantitj the cost w 11 
probably be about as follows : 

Provisional protection, including tai .. £3 3° 

Complete patent, including tax to the end of the fourth year ... j^S S o 

Upholding tlie patent costs £1 more for each year than was paid during the 

previous year, but it can be allowed to lapse at any lime before the full period of 

14 years, further expense then ceasing. 

PATENTS IN FOREIGN COUNTRIES.—There are fifty-six countries in which 
patents are granted, but the present purpose will be answered if a few of them are mentioned, 
especially those in which patents are forfeited if they are not worked in the country itself 
within a given lime, usually three years. 

In these countries an invento k h sa h patent rights, whilst in 

others, where manu&cture is not mp ry b as h ad ag f exclusive right to sell 
his patented products. 

The leading conditions in mo nes g 

Britain, with however, the above med mpo dd 

not worked in the country itself. 

Terms of patents.— The pe od wh h p 5 d usually fifteen years ; 

in some countries, as for instance, h U ed S A ca Ge ny, elc. there is strict 

examination as to novelty and util h h h n is imposed. 

In all cases application for Fo g ta h d be d b he final specification o 

the British patent is issued ; a fiirth as h E pa t usually lapses on the 

same dale as the British patent. 
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COST OF FOREIGN PATENTS.-The following figures are based on 
assumptions indicated al page 320, see "CosI: of Brilish Patents," and ihey include llie 
of the necessary translations : 



APPROXIMATE COST 

FOREIGN 
AUSTRALIA- £ s. d. 

Hew Sonth Wales 

Queensland 

Sonth Australia 

Victoria 

West Australia 

New Zealand 

Tasmania.. 

AUSTRIA 

BELGIUM 8 

BRAZIL 40 

CANADA 20 

CAPE of GOOD HOPE 30 

CEYLON 25 

CHILE 80 

DENMARK 15 



OF COLONIAL AND 
PATENTS. 

FRANCE 

GERMANY ... 

INDIA 

ITALY 

LUXEMBOURG 

MEXICO 

NORWAY ... 

PORTUGAL .-. 

RUSSIA 

SPAIN 

SWEDEN ... 

SWITZERLAND 

TURKEY ... 

UNITED STATES 

OF AMERICA 



REGISTRATION OF DESIGNS gives proieciion for five years and can be rffecled 

at a cost, for each registration, of about ... ... ... .. ... ,£2 20 

This form of protection applies more especially to a pattern, shape or ornamental design, 

and is rarely of value in connection with mechanical or scientific inventions which require 

modification in arrangement of parts, etc. 

This can be done without invalidating letters patent, but not so under registration. 

TRADE MARKS.— Registration of words, figures, letters, or a comHnation of these 
with a (listinctive device, confers on those who have obtained it the sole right of using such 
mark for fourteen years. Application should be made through an Agent who has experience 

The cost of regbtratioii, including completion, is uiiually about... ... .£440 



